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vij'i' ** .ki\ 

= jkU.t 





y . 

^ f .j>*^* 

.^£11 i : JjVl ^■■■■2l l \ 

Y \ .j W* — ' 

Yv . f 

y^ . olS*^l-l — r 

i 

. dJLJ-i cjiiJ J*£~ JL1 ^j^asJl — t 

SS . . . ~ 0 

> \. . ^-1 JJLwo 1 

^YA . iaijji ^1 s*it - V 

\ t A . SOALill _ A 

\*\V . i~»^£)l o*A <i«ll ^ Jl J»LtJl — ^ 

Y \ f . *U : (J^l j»—ill T 

Y^o .oj-^Jl rlij — \ 

YY"V . j4-l ^ jO o»UaJI — T 

Yil . 0>*aJl J-1^ — f 


0 




















nr 
ta r 
m 
rn 
rrv 

rto 

rn 

r«t 

rvA 

rAr 


. ,/JJi - t 

. cAS - ^xJL) j>-\ l*\ji _ o 

. . dl J-UJI _ n 

vpU-JI oljSSJLIj _ v 

I <upL^mJI j 4?1 i/iiM — A 

.^^531 £i*a; : viJWl p-iJl Y* 

.J'A^A isjoj _ \ 

.5 S*J-\ JJU _ Y 

. jkJlkl*! _ r 

.LpLm^ __ t 


t • o . 

it\ . oUlWl 


*V 
















^LajLxpL V 4 5j^J*JJI oL^ljjJl 
(^J^) ^j-*i j*i>Jl 0^ Oij * 4*A~Jaj ^JbJ IA jU^ li ^ t Aj jii> 

i^nljjj Jlio'i/I j J^^laII <, 15j^oL (c^** 1 ^) jt^J *>-0^^JLd J 
^£* 4 * Jj Jp y>^\ ijy~l\ Jl (Ju^iJJl Jj <Jp Uij^a 

jf <J dJLi i<J (J -Jj .(Communication) o^LaJ^I ^f^Apj Oj^aJl 
^JJl j^Jl UJLjl ^Ijj ^ otf oUj^^i otfyJ (W^i! ^jW ^‘Wl 
lS^*af j <-l>i^»j C*JiA>f Jij ^ju^lJl olji%Jl <J Jji£ 

4-*L*P l^f cl^OI I ^jjLzpt ^jA aJLaJI A^Ij3 Jp o^^lj ^JOO^J 

'r p* <J^ ** 5 ^' Of l ^iJ c5jjj-^Jt aJU ^ jaj ijjJi* 

(J^jI^aU ^4i» ±>\JLj l^f ^ 43 JU Oj^A5t *LapVl 

' . aOL^-a]I j^ljJaJl 4-JL LL j*jja£ ^Jl 

Jp yft\ Jjf AjuJaJl *| < Jpj ^jJLjl *-| < Ip 
of *^ J V IJft.tT .^1 t 4pUw»J ^lll| ^ JLoP V—aL>* JpLlJ I 

Ioa of 1 < 4^3 ^1 N LjIjJj 3 Lj-s^p ltUL> jUpI 

ojLipL 4 JL^ 1 j 3 ofj iJjIaJI ojJL^a Jt?Uo olJJLj Njf J^LJuJl 

OjL*Jl ^ iJli-l eJlA Jj ^ <jl5j . 4-3 (jj^bjju| ^JjiiJ Aj^L# ljfi >LU 

. i^ljOJl oJli jl J^l SiU^V £« 

(J <j Jfi ja oliu/>U oj^U l+p ji ^-AjjJb aJJlSI JL>j Jij 


y 



e\^s> ojl*JI aU Ij-J Ssj , J*3 ^^4 L-A^xlL ^1 JJL>cJJ o^>4j 

^Mp J ^-.^.^>^11 frLtVlj 0 -jjJLJl f-jjpj (Acoustitians) oLa.*., Jl 
OjjiaJj . iv4*>\5Jl aJUjJJ J^aif ja c-jLmXP^I *\ Jpj 

C*Ja>-j O^Lf C-A^jli A_*JJl J| ^laj jLi-l A*^.Ui 

^ gji JUL Il>j . ^Lo^L ^.^a ^jaJJI Ju>«JI J SJbjJ-l olfcL^'b/l 
4jjjJl!l oL-tjjJL j>~\j ajjaJiJI oLaIjjJL ^jja-UI oLaIjJlSI 

a*p L ^ . i> -V \^ a , a ,* *jcS 1 l fcj J>~ ^y» aJ^jJI ojI_*x!jJj lLJLj c ! 

<Jol>&jVl J Oj^jaUI i3jli . AjjaJJI AjJajJI £m»IjJU La jf cAjjaJJIj 

JJbo A-^tiLI aJL^xJI il>oVij J^laJl uAj^Pj A^UU A^jJljJl 

J| A^oVl AaJJI OpI yj Olj^f A-xljJb ^L^JbVl ^jA JaJI (JJ^J^J. I 
Oj 11 JLpljlJl <LJj^ OjU?j t jLo^O <La^^JI A^Jiil A^IjJj ^LoLa'VI 

J 1^4 o^lxlvu^U Js>\ ja}\ dJjb A3 jAA 4 Lo^A^-I I (_j\3JUb OJ^ Aj^>«J|j} Agij.^?lij 
aJUaJI oLLaJI L » 1 ArO ^ A3 jaII oJlA ^jA ojlxl^Nl t £ j^JLaJI 

oJl* IgJjj; ^JaJL L*jJfcj LjiS^^p ^JUj aJU^aJIj <Lw3aJI oU?LlJIj 

. jlpI^J jJ I 

Jj ^ . ^Uuf jl j*a J| ^jjaJLSI ojlij Jl*£ (J £t~Jl Ji^- 

jljpf j~a ^A-LLaJ Jj 4 o-IpUJI Jp Ijj-^ 2 Xa Jaj pJ3 ^^JaJI 

i ^.Lpj ^y«wXl 11 |»JLju AaJJ I ^-Lp ^y®J i i . a^j Lmo NI 1 

. ^L ^ t J J i ^^^.Laj ^^xJi ^ 


Jp olS* J3j . Jb^L>- j^Jx> 1 ^ »vl^»l ^1 

. Aaa jt ojIaj jf coIajIaIIj jl^J-l I Jla ^ Jaj of uU>-Ul 

cici AjJ ajJI AuUi AaJj V| ^ 

jt-feliJl <$J3 j-sAJ i ^jA O^j . iw-3^il aJL o^Jl jJl 

o Op Ijij AjI JjXa (J ofj oJUJL>- AaJL oL-jVI aJpU^ of aJ ^ lj oL^J'bfl 

.AaJUI ol* Jl aJ^^saJIj iJj-^aJl 


A 



d-j>«Jl J J OjijiUl JJ JLij 

^ <4.a j^te*Aj*A^I L-3 jL*-4-U 0*j 1>w-»«** I v>l« * > 0 (_£^AJJl 
oL-ljjJl jjjiaJ J oVUaj^Ij ( j*jil!l j*Jpj ^Lj-iJlj 4^-^ljjJl {j* 

4j ^£pfj — jujAJJl ^Ijj J^-f Ob jJi) OjLs^ JJL) Jj . -bjJ^-l \ j $>~JJ 4jjAUI 

^_■■..*<L^-l i*J jl^u'i/j ^jjJUl ^j^uLll |*JLp i^ljjJ L*L*f — 

^*<lj <U-*^I JLs£ oJlA LllS" Vj • I) 

• uny^' jr 4 6 'j-^ 

4. r .-. dJ lj 4 : » : «lall ^jLJij 4_jJJl jJLp <ju j_>-lj^-l j*Ja-j>t-J j*Pjj 
( jujAJJl aaJJs ^wJl ^^-Ip ^-j^l jjj^*JUl JJ* JLii t Ij 

Lj-f4 ^aJiJl ^^>iJl jf Ol^Jl tL>-! J j»-fr v a*j ^>-j J-iJj . jlL*Ji J 

. 4^ a.^ £yi ol jj}oj ( j a^> ci\ Jp IgJalJ ^1 iJj>At ip-lj» 

*Sj>*J 4^^ Jp jjSt jf Q>lyyw»»iL| Jo J 0*Li jj C_3jjiflJl OulSj 

JJl>^lJ Ijl^^- (ijji bjJUbf j£>- ! Ljj-b J oJ*A jjla*ll 

. ^UkJI LA jJlaj ^1 tis^iJl i!jL>Jk o j*'**& el jj ^jJUJl jb <J lifjbj t ol 

O j-iV JljJ* ol^o ^iUJl ^JP JbCuf jf Lif OjjiaJl J o*Lij 

oJ^- 4dj3 4*L^ J ^1 tJlf-j . L»j 4*jj-*Jl 4jJJl ^l**jf *X>-f Jp 
4aJIj e^a^ . Jp ^jJl s—^IjlJ I 

4jjAJJI OUobU ^J| J^AJJ l^. Jl^aIJ Ooj5vJl 4^caU>- ^Jpjj 

. 4^j^ */3 11 

fi 

JJLaJI ^jp Ivojjaj oj^JI 4a^> 1>- J Jis^f jf jiJl J o>wjf Laj 

— Jljf Xj_ OJL>-f JUJL>* ^OJ .Sj^lill 4jcflUxJ 4I5J>L^9 

jr* (^jA-Ul Jb>-lj £jA ^lUJl (J ^ry m jL 

. j>-j 4iUiJl oU5Lij ejb^l olJUS ju AaJ^ jf 

s>^f^j v ts J* J6\j\ ^ JLLI lift jji>d J& J&J 
jr* oLflJOj ^ ^<jJl ^ A«A^ > i l Vj 



Liljj of oO>ij ji 4 4j^L>- Alla La ^— >^*jl ^lUl j 

(J-JL^jJI oLu <—+Ssj ol— ei«p jj . viojii-l ^pll cSj-*-^ 

. OljJJ jUiJl jljI>"Vl ^jP OjjJ *)} \^Ay±£' ^ lp^]j ,*\jj*j}\j jA«~>-L»JL 1 

^-jjaJI ^il*JI j o^Jbill aJLaJI Lg*3 cJUjl>- i^jju <L*La a^-U-Ij 

4P«.^wJ I A3 ^*ll^ 4 ^ . . * ., > - V1 O^IaJL) I ^P L^3 ^^j^jljtll 

JP jJjj~ll ^LjpL cJ^JI { jmAj (J -b^lj ol (j crO* 1 ' 

. AoyJl iiliJl 

lip ( 3 ^^ (J ajcspIIj^> a^L-« <w>b^Jl lip Oj^j of j>-jf 0 ^>" tlifj 
O JUl pI *Xa 3 . j ^jA 4*3 L* jlOJLa j^I ^^f ^/^f —)j^f 4*—30il 
OJj-PJ — OOJJ JjljLj ftUif — l^.^a jo of^3 ^*1$ ^Op <Jp A*3 

ICUfT jJj . (j^P Oaj £**jf A-^ljjJ j>-^ll 

\^ . ^-I^ll aJUJ 4jwiIjJI ofrljill ou*j>- 0~>- t^jA>JbJljf aj^JI 

^£3^Lp U p-£3 J ^liJUpf i 0*3J ^jA O^ L^a3 ^Jpj ^* * *^> (_^P 0 «W*p l 
. OlJj^ j-lJl ( j5*lOaj 4 A«.*.ialIj A-^U jJt (Jy Iji — o ijlSt Uj — 

. J^aJI lip j ^ii I *y+* j\ j^aill ^yz*j syrj <J ^-if V ^ <>*J 

4 J ajf jl c^LJLl Up |^li^Jl Up ^aif of N jli lip ^aj 

^j^p-^ll ^3Jb (^iJl tlai-l O^i of (1^0 • ^js^Vl A*i^Jl 0^^£ of 

. of ^ Ol A^C^lS'f 4l^lil frJlil^ A>%^^./1« 1 

JA ^bVl aJ 5 O^l^p J Ajju-f U ol^lpNl Jjipf V jU tJbyj 
AOi^ ^ j j LJL a JL_>“f oL-S" ^jjl 4 J ^ a j JI l«LP jL_>o| d M> ^’ ®-OpL-»—a 
Oj-lU iS'jJl oil IpJL-^P 4 -^L^-j 4-KJLj ^JLaJl OU>«-Jl |»Pi 
j^i>f of N [S . U^ll au! jlp jj^aJl 3 ^UJl JLwJl <wiLj l» j4i)l 

tc-jb^l aU^> O^l^s^Vl jjla*»Jl ^JUi^l JLP 

4jjPjVl ^^Ij^ J ^ IpU^ 3 ^Jl JljJajl OlpLJl 

aJ JjLJ JUp ioJiJl 4iJjU^ (P. Roach) ^jj Jw ^ 4^i jja 

jLll^ill (3jjl“l iaUlf jjSd}\ iLU-Vl JjJUaJIj ^J^jil Laf . (jjU) 4 jc»L>ij 
JljJaJl olpLJl ^^3 Jli3 4 A y Up J l Ol>«jbLI Co^Jl JLg^jC (JjVl 



. ijjjJ jJr ^jA U — <j\*JtJl 413j ^0 LfraJalil _ 

. L$-3 £^3jJl ^j- 0 jAa (j^i ^ oNj C*oUj <C^Jj jj-^i>*j 4j^ <U*if 

• ^ *^*^1 J£J 


s— 


^ ^AT (uL-J) Jj^I : 






jiljJi £jUsu (Jp' I 

^Jl iJUjjJl i^ij j£-\j tww/Uij Lc jj^jJt oLa ^JjJ i*J La ULL 4 c5 ->^*JI 

USUJI (J ljjotfiil Oij . LflJLp L^jA4 ^UaJI <Jp 

oI^J ^Jl 4j^jJl jjA jJl 4 j*Jl AJjJtll jr*P ^ 

. ijJbfoNlj J*wJI IJla J LjjaJI oljLJI j»la^4 oV cJjjgLjJ^fl If- 

. aJLLJI If- Oj-^j 4 LJ 3 jy*j iiL^Y^ 

j| 4 Jjuil jLjjjl 4jl>fcjj ^jwjl (Jp L»W?J Jij 

.jLmJ) <_^p j*-* 

•. jS\p\ - HjS 

I 4Jlw<Vtj iy«tJl — ^ 

P = 'rf 
4> = Q = y 

P = y 

V = t-» 

0 = 8 = 0 

£T = D = i 
ff = J? 


Nr 



_ Y 

* = s = ^ 

ri = n = j 

T] = N = 0 

dz = j = £ 

: i-LaJi _ r 

J = S = J. 

z = £ 

t/ » C = JZ 

: S^-^l — i 

k = _S 

g = -^ 

x = C 

X - X = 

Y = ^ = i 

q = J 

<L* ^ nJL)l — 0 



? = 


u 



*.o\£ >\ - US 
: k jyj (t) 



: S* jj*jll 53 jU-» (*-^) 

>•' = t_r 

I = ^r 

e = <J 

E = t 

a = I 

a = a_ 

A = L 

3 - ] 

° = y 

u = j- 

3 = t 

. <JjiA j\ j£cj iSj^\ J yy m 


so 



















(£.) 

jLJ! p 

C>.^ <_£*4-Jt ^Jp 



<v) <r 

*1 ^ ijiJ 0 j <i J 9 w'" 


W 


c ^* 11 ( 1 ) 








1 1 ^*1 p eL^pI ^jjL> Aji^sdP 4 JL*p c cLl^t Vj 4 

4 jJz* i£j >-f c_ijUpjjf 4jLkj *LopVI oJLft ^ . (jiaJl <.Uipf 

, . <J tjCjjJlj iJl jjb\ wiillj 4 ^JuJlj J^Vl <J jLJJli 

? 

L^ULmJ 4~nl jJ ^Jp I|1 *L^lpVl o»Xf* ^l^lftVl (jli lift 

.^*al 

<Jp oji!l iJjfc J^Vl ui^jl J^>- ol^-^Vl fr\ c JLp Jij 

# # 

JLA-I JJ^j . <ui J^p V UIp *LopVI oJ-ft JpLU 
i*-iL ^MaJl ^1 JL>w^l *UapVI i_AjU?j *| c JLp ^Ik^i oLloyjVi 

. l^JL>wJj *UapVl l^- ^yC ^Jl oLUaJI o^XftLl^j SI 


iJj-^aJl *LapVI JpLSJ oJjftLlL (Fiberscope) ^JajLl wLij£l ^ 

^pj v^J' o^L^Jt J^LU ^jj-sdJ etuis' . oj>*il 

. d — ! / * m 'I L^\i*| l^»wJ ^Jl 4jjJa*}\ tL j^SsJL aJoj jj 


c - <.^ iC p jpV JjL*.jJI dJLft ^JS" Jiij 

. <uiUlll <ui*dl ^Jp oJbJb>- tlj^f vl-3jJl j 



\yujju ofj oIJLII iJlA IjJU^Jb <l)f (1)1^ JLd3 UUj 

. o ^Jt gSLJl 

^1 ^jliJL jj 4 <—>L5LII ^jA j*-~JLll IJU <jj 
Jij . oJb cJjIaII <j <—ijl*il dJlj- j jlali 

v A+gj jfj <uJL>sil <wJjL>cJl (j cJUjCLoI ■<■»! of (Jp ^>- 

^1>«jV Ujl>o o> vi^LlI ^jS>jC Li 15 LL^j c—oJut 

c5^r^ 



l 3 JLp 4j 4>i^l» Jp<X£ 

^yijVl j-^ilj 0 ^>«jJ-Ij 5Jljll ky^ii I J ^JjJUaJI ^yaai^j y*-Ul <—A>*l-lj 
^jul^j j>-j Jl »iLjL.i 4 julmj dL^JLJI ; .Lap( ^ <1 Lc 4 ^^-aJI j-ollj 
^bjj, <j ^JLwJlj . jbjLiJlj AiUlj c^JUaII cLU-I 

iLli oNU j j gjULl Jl .1*1! b> ^UVl J5t J l4gUp 

# 

tpUl tr xJl U^pj .J.IJI Jl r-jliM a* ^ L 1^“ AjjiJ jr^-pJ 4j^iJ 

f ' £ 

5^ *hii j-jUI 5Jup Ij^r <-ik£ 

^Jl .UapVIj A>-lljl JLP ^jl Otl>-JcJij 4j>-j Hj jlfij .Ijll J>- 

®1a ^jA>i J llA J*lg> ^Jl laj^llj 11 a J ^L-j 

O^Awalj Jj, £^*jl m IIa 4jj*°Vl 

. ^UJI |»1 p **5 J oIa 

^<3**1 fj* L^a^J jz+~i Ol \y& Vt jL jUo^>“ 1 Jjill 

■ ls* j y^ 

$.1^11 Jjjjl? J — \ 

^ I 1a aJu Jb — Y 

# 

.1 Jj^a!I jljjbU iiJbJb bj>wl4 J>-JU)I IIa jl5 lij b — f 

5* 

I|JLJi ! IIa J ^*Vl J*Aj *^j 

i-i JU> y* Jb <bt \£ 43 Jb jj»Vl a 1 a J5 ^li a* ■*< t |*~**Jl 

IIa 4 J>-JjJl lift .1JJ ^Jl 4-JUAPj 4y^aP ^ 4jj^i*Jl oLL^Jt 

Jai-sdJlj 55^jylji Jl« 5 : w : .la!l (juljJaJl 5ijjc« 5j jJ| 5iUlNl 

. 4^11^aJI oIa l^- 4^jjiaJl |*tl 4j^j^ j+p jZ* aj — l-A !^«^*<^ 



(\-\-\) 


.(Valve) = 0) 

(Piston) = (Y) 


YY 







Oji iaL*Jl ^^jjJJl <*U>»-Jl jl^ jSj 

X*i*j <1)15 1^5 4 ^Jl oLUJl o^ L^Aal <J Jj>-jJ| 

^uCzj j^ju Ji y^\ ( J^Sj . SjJill I o^j aUu^j ^Jp i—JjL>«jJl (J 

o UUjJ I Ai jAjC ^^JLp t A^jJLlll oL-ljjJl <J fU jjiaJ 

LUj . ^L^Jl ^->y& ci ^^*^1 ®Jf .j Ajj .,<?• ll A*^*}(5jI 

^1(^5 Oj-^aJl jllpj (wJaJl aJ OjUlj 4 (Phonetrics) A-JjjJl ^U- 
jU^lj ajj-^jJI oLLjJI Jaj^Jl (Communications) oNUaJ^I s-I^JLp 
£&[ S^>-f Oj^kj of JUy A-^U-J IfAP A^UI (Acoustics) AjpU—Jl 

. J^aJl JJUdtj aJ^I a^jJIj 
oU U *JL jlo v^pxJI ( jJ>\ jXL^l jbu ^ 

# , 

JtdJj . U Oij J Lpp ^5 ^^>-f <LsAdJ yCu (l)f Vjl 

^*.,i> 1 j AJhj-jVl ( 1 )L Jji ^j^L^-Vkl^JLp 

IjjJbhJ %XJ ((J^LpVI LJljtfL,) jl^^J 

{j* Ajji^C ll dJJJb IjJULpj .jja>d\ oLjNl AiP jJo*u\ ^jJl J-^Vl jjP 
jjwlaJl Aj5^C Lj uoJlA oUJ olj-s^f ^jJa> JUp oLj^« .^g 
oJa jjkjJl o^>4 <w~5jL IjJUi OjjjVi oUUl 

^jjfjJl I -La ^Uj OJwjf jjj . (jj ^>-Vl AdjUajl (_gJl! A-Ip jA \^S> AdjUaJl 

Ajf v l~> u v__ —5 kJ 1 Jb£ jJLaj 'y j^aVl jf cii O^ilj 

*tkj* I 0 ^ cr-ljjjf 0 ^ 

{jA Ja>“^b La uf . ALjj (3 j* t 5 ^ L)j^ Lp-J Li! ^Jl aJJUJI iiJ jJScJ 

[£y*> 4 Aj j Jb^i J ^yi 4jJU ■ j ^jjh A?xi (—i^Ll>-l 

v_aL Z i ^ (^5 olpLoJ^t A^jfci AjJJl ©JlA ^Ia ^jA apL^ A >%Jb 

. obcaU^I oJbLtff A>^i ^jp ^->-Uil JUp a>*A 

(3ji iiliA 015 lij U uiU^'y olfrUd^-'yi ^j^aoi OJui iJlA 


rr 



crtUll & Ji U, ^Jalll frl^Lpf J 

: JUxii IJLa J c-jy^f 

;bUtt\ Q 

o L^ *l c5j^ sJs- jip oL*JJl ^j^Li ^oaJI j»li 

]<Sy lc^ o«.a L a > /J I Oli ^j^LsJl oVl>- iU ^ ^^-jJIjj . 4Ali>«il 


k»-^lil 
(^Jill) 

JUUI J> 
(^^UIL) 

o'ilU-l 

o-l^Vl 

*V 

1 

V 


At 

1 

0 

L.-Jjjjtj ijl5w< 

vr 

ma 

\ YV 

j jJLUl 


*. \ £j%ja& O 

^JLp <jv < J-sAaJ| o j>C^-\ <—*£y (J (3jiJl Ai jaL C->UUo>-j oJLp Cj y? 

A-3j jJI A^aI^-I 41 ,^3 « 11 of Ji>- j} jSj . AaIi^£ u-JjaJLJ o31^3 Vl y* 

IAj^J JISLif Jb4j <Jp (Cricothyroid) 

f 

^3j»Ut I S' oJ^-Ij A 1 » j3 P 0^-^- > — \ 

• J*U~b 

-U*** 

# 

. Ulc <jCJLaAU (jCLmAP Jp O^^J — f 

J jj^ oJlAj o^>iiA-l (^A^jUdP viJLj^- j J^SS\ aL**) \ o-XAj 

.*lj—Jl <Jp ejj-j3^1l Olj-^Vl 

Y i:? ■ 












I oUlcJl5j 


jLLaP 



oVU-l JJLP 

j-b«rVi 

V 

*• 




A* 

Vl 



j^JlUl 

OV 

rt 

1 


1 

> A 


1 

>*• 



o 

IjPj t iJU^Ll OUUt a5 JL1j» iJ AJUP 2J>-J fj/2-n Jl Ji>-V 

4>w? ii jaL J,bJl l5J^T -^J . ^jj^JlJI J»i 4jL^aJl oJLa 

:^^]| IIa 


Jy^aJl OjJL>- 4 »mJ 

o^U-l 

u'jfcd 1 

/ AO,V 

u* 

uuvi 

•/.Ar,v 

A* 

(1)Jill 

/ t*,v 

*U 

0 


c ^ ^ ^ I ^i- A.1* L oJUt> jf <j cLLi ^ 

^f 4j^iiJl jJaOl <j+ Aj4aJ OjIj) O*o>J l^f ^ l* ^>j ,f A^j 

<jp cJ^f jf iiJU? j>«p ^ ol$^Ai>-Nl oJla Jiaj . ^\SOl ^JuJ[ 
015 U-J .1^ a~5j ^Jt i*UL| 4^-^ Ulil r ^l 
^P o^>«P ^ OU w l» ^yaialli jl^i-l (J ^ 

(3lLiJl5 is jll? jf iJ^f aaIp Jic IJu 015 b| ^I j^JUi tL5 *-JaJl 

ijj-^aJi jIjjVi ^iiaOi oi . A^Vi clulOl! ^ijuoI jf 0 ft A» »n 



















i^f^ j * * **') I Jl*^- aJLp Stf-ldS'ji (4^j jJl oIpI yJlj 

.<'>v*Vi 


o> 

— HILL, K. (1964): «The musculature of the tongue», WPPh (UCLA). 

— KAPLAN, H.M. (1960): «Anatomy and Physiology of Speech». New York 
(McGraw-Hill). 

— SMITH, T. (1971): «A Phonetic Study of the Extrinsic tongue muscles», WPPh 
(UCLA). 

— ZEMLIN, W.R. (1964): «Speech and Hearing Science, Anatomy and 
Physiology», Chamgaign, Ill. (Stipes Pub. Co.) 



jLp- bj- Aj^jL ^£Jt a JL ^p of OaI a I l I obS^ 

^bJj j j-jjJI a*1a-p jj%p <jcjjJl (j** frlj^l J^U:..*L OJJij i^j^cJl 

. ol j-^Vl 

(3 O^jLLs^ 4 jLJ^J| Aj^jL ^>-1 jlX 1 * (3 l«^*«^ 03j 

^rwJ l»JLPj . ojL—ll <wil>- JL>-jj ^JLJI l)L>-jl!I ^ ^ya>JLJl ijjjf i>L^ 

ojltf«^alL| ^-jliLl Ji <4 j(J j**?* O' 4 <-)b>-OJl 3^1ajj 

AuLtjJl jl>-jJl ^a ^aJL>*Jl Jlilt 1 jlA jj .^uL^aJl ^0 >ol~ 3 
03j . AjjjIj 4jL]pj j-$3 ^rvi^ll ^bul Uf 4 <3jUJ( { J* ( j^al>tlJl jbfljb- 
aJ* 4>P 4.«.«.»...JIj d>/?] 1 aJ L oJO ^^3^11 A^JLa,P ^MfcJb> A^L^o^P 1«^«■ *< 

^a jjjjb^i-1 <ji^ a^L^V) 4jL1?jJI t^3^i>«il jliJl ( j ^ l > wJI 
. objjjlj jliiJ^ji j\ A./jilj b*f 4jb*Jl ^aJl>*i)Ij 


O^H O^J^jJ *4)1 £^JlP J Lp S/| ^J b> 0 *j ^ (jjfjJl IJLa 

jIjlSjC ^£JI aJL*aj ^Lii! CJLa JLj <uLp ^ ^jJt J£jJL jkJt frUapf of 
aJj jil ^ juy oLJlJIj . *IJl*JI JjbJj aJl^aj ^LiU c-l^-i b* 

aJj jil oOjh of IJLa j . ^b*JaJl aJL^ aJUaIj ^ OjJ j jloic 

A ; .^adltj . ajjaUI v^aIi^- ^bo ©JjIjJI 

o^Vij> . ^OaiJIj ^^AuJi jJL^p ob*j^Lj <w«.«>rj ULSLi jJ a*jI 

J lfc ^l ^^>«i V A^a^ASvJl olj-^Vl JU:.J oJL^w Ji aJL^jVI 

AJj^sJl (jj jaJI Jif iijJ j Q.-y>«j 43jJl C^aJj JlA3 iJLij 4 Oj-s^ (_$f 


TV 



JUNI .<'y*£JI iJljiV (*>. ^Jl Jj>Jl «JLa i^U-j 

. a^U[j ^ASJl ill_pl * : .. L ]oj ^ l?^ y> ^ 

£ + 

A-JL«Pj ^J a P 1 aS^p ^ 0^ iJLfc 

Jj^ jp- £jUU Jl J ^iJl frljjll OllJjJl zjeaj J 4^A£Jl 

. JJLP IpP v, ti i. T^ - JLP A-JL*P ^JLl 

u-ilVl £l jij ^jaJLJIj yi^l A..^alillj <jwjJl ^ 

iSj*^ uy >jJl Oj^j of ol^Vl ^Uij ^r^-? 

^liij Li^>> ^ j &3 jOjJl aJL^p i1jS£ IJLa \JL0>*X£ La-XXPj . J^a-saJI ^ja 

J^*li oli ^^ c^Jb^ L#*X*p L*f . a*j i w 1 ^«lpf 

<J| £jUM tJA *IjA1 J^-Oj JULj . iai-maJl ijA Jit dj& <jwjl 

• UWjJl 

^w IjA* .}jJL£ ^J-P IJp |^-n3 AjjaJ Olj-^t V aJI^-I o jp J J 

{£y *~f olj-M^t 4 oUUl J JL>-^J 4^J 4 iJaiJJl olVlj 

j wJ I Jp c/ - -^ ^ J**-^ f*4' 1 M J {J?* ^ VI Ji*j I aJ L »p JJP aj^aJ ^p 

AjjL^oij^l Ajj_jJLJt olj-pVl jf 4 ^L*JaJl JjUJ ^jOiJl J—p ^U-jJI jf 

^Jlj ^^Jl jt ^yall! ^£ajC A_j j^ail J J—ojw-J jjl AJfluLiJl AjS’l^I^-V I 

• ((^aj)) ^jX aJ C A^j^aJI d) I I A>«-i ^ J^AmmJ 

— *li£jl jt j^LXi I A la. *» I jj j +Sj Lp^Jj aJ| j c—J Jci jJl a£_ p-j 

(_$jJ ./all ^aiill £-Ljl L^>_,...* UjlP viJJjj Aj..«A*.*Jl O^LfljJl 

. A,i..,.^j jt 


.B14, P. 3:>l (N) 


YA 



.jUjjl jU _ \ 

- X 

• — T 

. *J\ ji>l <y*ai}\ _ £ 

.ajl - 0 

. jSflA’I ^ 

,£>LiVl _ V 
.^U-l i^UJ-l J UliU AwiiJl - A 


0 -*-') 

.Uu-t 

( jA 4j^C oUUl <_} l jCjjJl Jbjj JjjjJjl 4« l »P JJ*Pj 

^L»Vl ujiLiLl js^U-l t—»U*i-l ^Us^jlj £jJLoJI ^LajjL; <J*t 

j jla* oiliLl J 2 & J?LL> ^ubj <iUij jl—Jl (jwJl 

^ ‘fi t 

UUaP U*LL Ufl«* 'V 4yJL> A^Jlo-P ^^3 ^3jJI 4^JLgJP Lai . I 

Lj-ip yjJ jt JJ JJ itUall iijJl <>•—jf f\yrj ^ Jj 

ijjJLJl <jjU jjli IJla . 3 JU .il L *Sy>- 

(^JlII Jajc*aJl Jl«Ju i^JUl 4* L »P <— «.Lla*j aJL-JI eU-A^ . a^JjlC 

^ aJjJUI ^jiJ aJLp Laf . £iiLJl ^3 J/* jJL^Ij ^JDl jf £UlJl ^ 

i?Uall ijjJUl jf <i~>* L*l>- *■_Ua«> N l^U 

.jlijjJl JjuJ lLUJiSj.J-^V l 



. HASSET, James: A Primer of Psychophysiology je iy*U 0) 




o A0j}\ j! jj*r j J (Elasticity) Ayjl gy OjlyS a>>\ J\ j 

‘ (jL> [a ia>-*y. ^jjuaJi 


. (^j-L^aJl ^ j& ' aaW j L-J-Li-! oil?) l Ulj <j jJl iilU 4->~U£-l jw \ 

• (^' J VjJ' <Sj*) (yUSlJ^U aJjJI ^jJJ <511* JJ <JL>-l-xJl jw _ Y 

* 

Jajw* ^Li iti tJl aJL^p JUp UIp Ol£ lij 

ij ja jIjlL# tfrlyil ^liJUl Li ^^£JI J J lqjc l J II *ljil 

Jp iiLJl oJ (j}) <WjJl -Upj . <jcJjit (iiUx*) 

J Oj£j i)li-l oift Jj L* p3 U LjL%** I £-Jft \a ' n,+/9 Oj^sJ 

, JUP 11 Jt>-y ^Jl ^ frjil ^jA A .^5 I 

aJx^Ijj *ljil ij? jf A>-ljJl Jj^jJl Jjo ^jAj lift 

j^f 4 ^aS 0 U 3 Jbj JiJ t(^^WjJl Jp ^^i^l aLsAP L^g 

^j^Jj . *LjJl frliif ^«*i)l iJLU| jup lift . ^jLM Jl frlykl 

frbif jSj . ^jUL| Jl ^ (j;* *Jil l^j^ of ^ jJI 

OJU J iwJbi jSj l^fv^ aJLS" frljil Ujm^j (jf t AjjJI J 4^>-lj>- aJLoju fill I 


r* 


• L 8, P. 196 (^) 




la.Jli-L LpIu^ Aj jJl t. J*e <wNjJaJl j^Lj ^1 <j[ eLA-L 

. jljjbi-l oJLpLu L^jf 


’. +\jk\ iaJup a 

^ acSj I J0 oj^Ull UIjJI S>iJl Jir *l>l olS* 11 
4 A-Jj./all oIasaJI < j^a JUJaIIj SjjaJl ejlA Ja-JjJ d)f ^yuJaJl ^j - 4 Ajli cAjjaJJI 
^Lo j »AlP JL>-^J ^JLlI La^ aJl jljJLa^Aj 4j*jJl A A sP l^^aj 

jlJUL* J (3'^Jl of \^ .a) ojjl>«ll ojlJiJLC Ujlia 4 L® ( *Ljta 

^Li)| <j ®UJl jjfc Sjl>-IjJI SjLaII JaA^oJl 

. ^alilL . ^ ...■) La 


A r oJL_ )oju0 ^Li olS^ aOLJI AjILaJI e- ajIJj 

^JnJI A5^>«ll A^J^VlS* A4*9^ j*S* ^JjLm^j pC — ^JjVl Agj ^^aJ i C’!**'!jO-U 

p-ill Jy cJl^ ^Jl a-U^JIS' jt j-UaII J^>- cJlS 

# 

La m 3 ,^*lOjJ ujI 6*1a c*>IS^ ojj . v .< ? > V 

.Ji-t Jb >t J1 JW ^ J 

Ja3 IJlAj 4 aOIjJI aJL^jJI oJif- V j^IaLI ^Jlp 

^^OAi (JIj aaJsJI ^JLp <J aS'^L l (jOly y* oti^Nl Jl oy^-L-H a^I 
. 3?*^ y*^ ^*]AS3l jip Jajwi ^La! aJIaJI aSjJI oli s^>-Vl 

tj* (^t) ^yl^At j*i.l J>-ta laJwaJl jp *I^AI *&y>- 

a 

J-lP jiLfcj . ijill iib^ O^jLap oUaiiJ IaJ ((joLlJl J,l ijwjJl 
Cr* *J>A1 (*-^>- iS^ Jp ^ 


.Cl, pp- 3-46 k-.tS jp (t) 


tN 




( r-T-\) jsLi 

hi ^U aJ ^^LaJI ^1 j^lj t law .^ il l iji ^LaJ J?Uall ^ja \jy^i Jl 

i_il_^-^*^ll ^ hi.itill J 3 *—j lo*lASj I 4 -U ^kjl j\ JL>- k«.J> j^UdJ iJi-Jlj 4 S ^11 



0) 4> cfijli 


(Ut->) JSLi 

y >4/^ *i ^Lrry*^ 1 jW^ j 

IJL Lk»- ^kill <Jl« jrf J£j < ! . /»: , I I ii^JI y ^A£Jl jLpj . i-iVl 


,T> _ ^ 10JJI olj^»f ^bS jp (\) 


rt 


















OljlaJlj ^ptj^-Jl <J ^j-^Lajj 

4..... M . * . J L ^Ull oJ^jj . 4^LLjlj aJjJ^ jf ^JjLJI 4*i JL>-jj 

C/-U' <y ~YTTT ) e 3'^J ^ uy-^l uy'U 

J Lxl^II *lji>i ^Ujj . (jLLSl -) < r ^Sl\ JUlJJLLI a 

^gJUl *L^|I Ut . 4^-bji JJcl-J aJlaJ Ijiaj jUJlliLi 

t A*j 1 SLilL La I ^ 1 «■ \ <U3 JL>*jj 

obJtH oJlA JLU 4*..iajj . <—AiVt jf (J frljjtl <JCjjJl 

IjiaJ tj>-l ^1 (Ir 4 of 0^? 

L^j . jt^jUopf ^UJjlj ^pj JjJp JbJLj ^L>*>4 

0? jb-^1 ^V 1 ^ ^ -vV sU " v ^ JW4-' 

I o~i»A (__ ( jujjjl law ^^iaj 0^ ,jJ ^ y I yA 

Jl>“jJ jf ^Z>mZj <L~->- i. JaA3 ol jd i~Jp* yfr JU Jj N La jf j*i jli <-Ljf 

N Ja^^ydl ^a>wJLJ1 JCS'j . l^ijJL>- ^«aal,L N jLl ^ y gLaJI 
\ Y gjjjj-^aJl ^ j\S lij uJd t y <j yA <U*5 

^UJl ^ya>tJL!l JLp ^*^SLSl (j Jb^jCw ^Jl Oj^lall <Ua£JI jli j* 1L 

. ol^J f 

ss 

JU3 4lajwa3 L)L^>* jJt> f-ljAl y* o *lij 

^L-3? **■*■!jf j^it »«ai i)\ ^jjj+J*} 1 

4,dja «a | » .>« j lI 1 Ijjb c 4 ^jJ^ aiI jL^Vl 4 ^jI^LI a.. /*g\ oLojJl — \ 

.»! Ji-t 

~ *~ j ol^iil J,[ (aJj-saJI jLjVI 4>CjaJl j*j) jL»jil yA — T 

.jLa^il ^J,pt 4fl ]a\A 

j^oJkl ^\j A^ladl oJlA o yCj yA frl^il ^ j£- ^>■ oLjJJl yA — T 


rr 



jA\ iikdl oJub cJyjj <—i>Vl ( y» jjil fry*’ ^ — t 

■ ji'H 

>j* i> *V*' |*!^3! i-.lji J 4^t JjVl |» ...all ( _ r Jj 

ivUbJIJ jliJl Uf .a^Lu jMdl J1 ^1 <JL-j1 

[^^3 <!.«■.■>■ dJLJJ lS^ oUU jJIj of \^ . a^^ASsJI oLLqjJI 

. AjjajJIJ A*AjVI ^iy3) ^JUfldLl oLUjJI 

#-I^AI ji? J iJj^aJl aUapVI J>*OJ of 

(c-43yji jf) AjjbjxAjNl 4~*t[*>%j')l\ Lx^y lO-fc ofj 

aIjAI j-jT 0^£j c-43joJI aJL>- Jj . (t—jf) ijS^UaiVt 

JaiJ C-JlS^ lij . aUS* Z Jji U 4 dial* <ju 

< jlaJl J .^.p oi* ^>"1 Ji K ~~*y^ Cx* *—A Li^ 

lJLIiS^V ^j^a.w.1 C**j j^-f Jij . j>“\j Cjy+p <ju c_AILj- 

^j^Jl (Ji IcA? . AjjU^4jN( Otj-^Vl ^J^Jl ^IjAl 

. <£ _^aVl (J olj-s^Vl eJjb <jlaJ 

Ja-^llj ^ *1 # JJ c^* (b) (p) aUI — \ 

. r ^ U • 

Ji ^ V* ^ (d) JU ' J (t) ^ ~ Y 
, r ^ i* ia^ys ^r* (g) j^lj (k) ol£)l — f 

ol^Jli la'. 11 jj^ *I^AI of Ji *j^AI (J <*— 

frUU <jIxJl -Upj 4^>-jJ( Ji ©^>oJ“l ^ Oj^j ijjblill 

. Sjj^-><Jl \j a**^»^ 1I frLJL ^ la*. 11 oiPjiAiJLJl Ji o^o^l l y* oy>*j JloJlj 

. Ji 2 y* 0j& 

Oj^aJl iaJwg JjJ^ J *££> *!ji>l ^>»>- A3j^a ^ J^-Cj 

. ialft Aj 


u 



• *\ V^i> Q 

. Oj-aJI ^j^Ul Ajk\ £li-Ul i_ r ~.i ^JLJl J^UJl jJb JajwaJl 

(Dyne) lJLJl ^^j^Jl laiu^Jl 4n««iall frj^ip ( j-* 5 4jj 
(3 4P^1 j^>- dLO j^LJ 1 AwJJlU Ailiali L^"tj t—dj-*J^ 

Ijljlia OjJUjC^j A*Ja)l P^^lp jU (JL>- t J2* Ijljli* ^lojl olS^ llj . AJliil 
Sj^Ut ^UjVl Uf . jjta o^JL ^jL-j ybj (Bar) (pj*jJl» wl ^>-1 

(J j ^z*~* * Oj^ (-5,^“^ 

bjj o J^y*" <J (^ J ***-^ 

.u^ ^rr,n ojjj ji fc jf t juAL vv apUJjIj y ^ ^ ajjlpI 5 

J of (*^Jl £&1 j J. +J&A JJ frljAl Ja kj> ^LS Xpj 

* M . 

lawLjL-^ ^iJl aLw^ Oj£> i^ljil il j£ ^JLp 5JL>- j Ail LjL^>- 

^jila> Ja w . ^ A3ydj . 

iOj|^ JaJwaJt ^£-Ul Ikw^JI l aw « ^) l A^j^i 

. r ^Jl iaivi 


jlJLiC jwjJl frljjil t-j j>- i—jf )qju0 jS f j03 Jij 

^ s# 

jv^JULa Ifc^la* 4jj*of c3 <la-M»ljj JaJwaJl IJL^ •W^> b ^ 

( \ *YT— ^AO) Qjlajj .Jaw-sal! ^UjC Ifjlfi <j A*py> 

Jiij . Ulj>- \00 aJU-I oJla J b j&j ©J^j jj-wAiill Ay* Jav^ 

^Jjjl JUp jJl ^ j^UaJI AjX\ laiwal ^^aiVl Jl^-i olj-^Vl ^l^ip j*^3 
of Lfj . ^1 \ * * ((j: j Mill JUp ^f) (J^Vl jl«AiC 

.Ul^>- \ * jjb lu^ ejJdl Lw„jiH oLi ^Uif eJUJI (J 

t T <j%j L» Nl a^»*AS3I aJUjJI ^JUaJ V Lw.^Sl ^ jJLiSi \b* 

Jbjj» V AJj^aJI jUjVI aJLojJ A ~ »5sJ| oJUb ^ Uj . JaA3 ^ ® 
aJU (J (Jl^-I 4« :; la> Jai-soJl AiUi^lb) CfcAj^r bf 
. Lolj>- A * A*j j^all jUjVl «1 lalj 05 i A>- JjJ-iJl 

to 



i dr 4 ) 4 /'-^' jA\ ^l - 5 d^ ^ ^ ^IjJl ^>- 

<w^-LU XiLl j^P ^ 4jf ^ 4 a>t * i » |»■««*■ > • (J (*—A)Vl jf p-iJl (j| 

^ll>«J LjV 4 Cy » j 4 ?w <j ^Vl o*XA ^LL ^ji jf 

<3 ^ 3^** ** i J 4-j (^dJl 4 cil 

^jA d)Ljb . ^4>ll 4*3 ^-^4 j ^Jlll < w « 3 jjl ^jmAj ^ ^*-L^dj ^j /7“ > % t*t 

j%}\ ^jA ^ja 3 uj> oLw> 0 LI4 P ^y 1 *i^ai j^>t>- 43 ^aL ^j^.. >tf 

V 

: Jd^i - <j^' 

* # f 

L m >^P ^wiLmJ ^<.i>.M ^L*Jl ^^4 4rf.oiT | Oi ^ 

^lj JaJc^aJl l c i5^ Ji IfliwaJl ^lj 4jf I Jjb ^£a4 . ^ 

^ * jLiJl <liJLj (^JJl £JjaJI ^ dl^ df t*Lfc L^J * 

jU<a3 e-isoJt <J| jw 4£^il <Jp p-?r d 4la J u ^ dlSj 

. jtJ>- \ * jwa*3 ^_ipUa^*» JaJwaJl dli r ^ 0 

. Ijl^a ^^9 y+b <*j LJ -1 4*JLoj*J1 oJLa ^JUI d^->L&Jl Lot 

* * 

\Zj>\j \j\jJl* = * Iflg.^jl 


<J la*.^'1 X ^jVl ilLi-l (J Lij-^ jJ LJU t(_Jj^t ojLaij 

cJl£) iJliil iJbU J Wdl X iJLJl 5JUM J ^ JjVl iJUM 

; \jSji> oJb>-lj 4>%*iJt 
0 0 = 0 X ^ * JjVl 4 JU-I 

0 « = ^ * x 0 iJliJl iJU-l 

dt ^ 4 Ja^wall ^-wlL* ^IJio^il dr 4 ULj 

S! , # 

1 4 juVl jlpII jiil L aJ? 44^^^^ ^ j ^aj L L»> > 



= jlaJl X ( t ) 


(') ' V ' ■ 

C x o* 

= \> -> f 

jkJI JJ x <jkJI Jr* ^**-*a1I 

Y 

C 

^kli JLp 

= J-3 JajuiJl (c_j) 

Y v Y • 

c ^ 

=' x ,t 

^iscJl JLp X ^klt IftA^aJl 

c 


jiaJ' Jt» 

= jkJI JJ (^) 

T c x V 

• = v ,f 

jiaJl JLp pj>«i-l X jkJl JLt L«,.aII 

V 

C J 

^jixJl JJ L« .<all 

= jkJl Jut p^J-l (i) 

'c x V 

11 

-< 

n 

jLJl JJ j*j>«J-I x Jt» 

V 

ijlaJl JUp JaiwaJl 


*■ (J^d ^ ^ (3 ^ ’ b 

oUUjJU fli Jij e^UU ^ j>^> jkll Jbcu-I :Vjt 

^Ju ^Jdl *1^1 (f ) 

, r <*—«t'»T'« (iiDb jUJl *_sJs aHJI a iaJb J| iJljAl AwaaJl ajIju 

Ji of Ipt ^Liil obiJl c>«Ui 2JJI Jilt c-lj^l Jl (<—>) 

■ r (*-*- V * • * Jl *1>AI 

sjkJi x* gc (^J-i = ,^J-i = s c tjkJt jj k;oJi = '> (\) 

.Uli JOuaJI = V 


rv 



IJLfrC <laJLi ^Jp tljil AaSjj laJwaJl 43jA-« jjb e-jjJLlallj 

iSj^r I k*w a JD LjL-w4 j 15 OwjJl ^?LaJI J*j Vjf ^* ., ^' 1 

.Ul J*r \>t' Ji 

0 

( J-3j (joJjJl Oaj \j&) JaiwaJl of ( T ) oOpliJt j yu 

i jJ>) iakjai \ J L j jJla ('q) S/jf ^->*^-1 jUoU^I 

X ' 

- —— = ( Y ^) ^ (^O-' <J* 

T c 


w* ,r = 


wr* x r»r* 


r> • • 



.Oj-saJI ^lliV laiwlJl IJtflj JaiwaJl ^jL-j T c yi 

0j£> <J^ Jax-^aJl) ((5j^-l hz^Ji Jl) ^jiajj 

I jL U jl>uij'yi kiw? 

^ w ,r = wr* - w* ,r 

IJa o]^ ^^-sAaJI frllaJL ^j-jIj J>iaJ jf {J**^ jJ ! LJU 

j^ll <3 ja)I (l)fj 4iaiJl 4ilaSi jf 

(Jl oLJJl o^>-ja c^jyULl f^ x> ’ j-* 

(O^-iil jl JjHA (^f) ^l^ii 4-1^^! jloia ^Jp ^ j aJ U I 

lj>j wjl^-tfj'ih j*4iJl cT* *I^Al J 3JL+0 ^Jp (Jj^a^-I jjA Jb ^ 

Jai-MiJl (J (^f) OLS' Jsa^a)! jf j LJL q jc® 

.(^ y = ^ • t • ,r- wr,r y>j 


^..1:11 ^^py}\ 4j JuaJL ji ,>jP j> La ^5Ju L ( j53j law.^til ULa *)Lb (i o> 

. j^UU 


r a 



\ v > • 
c U* 




— Of ( 0 ) oJLpliJl JjA>J 


= (*Ua_JL_j j\-+Jl 


<_$! L-JLJ of t^f 

r*r* x >.r< 


Y^t,Y© = 


w Y,r 


jl«xic Aijp <^f) ^JJU Ql«» U l 

. r r - o,vo = ym* ,y© - r*r* 

^1* *Ul> < 3 ^ of i Util* 

oV *Ul 4^>c>“ {j* jS\ Oj^^i 

(jLu *Ul jIjnuJjV ^j^UI law »/2 ll ^LSj . aJLUI <Xj* AjjllJl 

^Jl (^) SJLpUJI (J j +ll J 

: J>* 

> V > • 

C 


__ T 


(j <o ^5t (p) frUl ^UhJI J frljAl ol^ lij 

, * * 3? 

of jjiOj • *teJI aJU- ^jA Ua»>.^ Jit 0 i\i^y, ojjliJ IaJ» aJ^s (t) frUl 
01# U *- ^ *Y’A jA 4~uj;o jll *UI jl>utjl k« Of (jW lai».j»ll 

IJLSU jJaJ iLLJl «jlpUJI 


r*r* x w 


r» »*i,n = 


wa 


JCA 4*A _/^"f (p) ^ • *j a fl II ftUl JyS' fl 1^)1 

: JUI jljidllj (t) *UI jU^! 


V n ’ n = r — r * ,vn 


(JJ (*LJl £_«) Y*!*^ <j* lakjai\ 4_jf 


r\ 



V * • *\ , 1 31 3AI ( (p) i^j^ 1 ' *4^ £*) ' * TA 


*f-** Y* * • * (t) fi-Ul olS' 


! luAlL 4 pjmJ) — ^l£)l o 

v».*,*<IU j IjC IftiwaJb APj-bJl ii^P (jw jJl OjjLjJl ( j^jj la««; 

JLp pI^AI 3ajw» oLS' Jjj . iJj^aJl i^ljjJl 

• U^i lc^ Oj->LaJI la.-t JSj (3 £tiJl 

L n ^J L * frl^AI Oj* i)l>* 3 o 4j yj* Y *o UbjOi oj3>* J) 

^ji *oj^**+* 4iP 'j* 0 * 0Aj^-jf (3 *JJj* JJ& 4jU (^j-ji^Jl *4 ^a (J^ 4 ) 

^jctaUil 3 <iJL!i (t^Y J l jj jJi* <k*w* 
Y (WJi) x m = ( cr -> <p^ji (f/Y> 


cr- f cT 

(—) jf 

nr 


-^v 

t > Y 


(c^) k».. , a.l l Or*/*) 


3^ Cf* 0^3 13 ****^ Jai-^aJi ^*>Li ^f 4 0^5* lij 

C OOLA^P 0-A3jpo frl^Al jA ip j+s* 3^-9 * ^^AI AjP 


V* - <0* - 


-U 


#ur **Alj ^gA-lj (jU-^aJlj) Lj^f 


(Bernoulli's Theorem) : 3 Ji jiaJ — 
frlof t L~£p L^L: oL%**Lij ipj^-Jlj Jaju^Jl of ijjJiJl 0 Ju& jjAJ 

Ij W ■ ,<*311 ^jjjSLAj^ t AP ^wJ 1 S * 3ft * */3 11 0 ilj ^ 0^ L i • 1 C O ^ ft owwi 1 aS^A* I 

jjJJ LaJU*i tSylkJl 0^3 OjjLaJI IJLa j *~j»jj , ipj^-Jl oLj 
— jj jJa*.U UJft _ ipoL^) *J^jAI ipj^*» Joy SjjUaJl 

0^ LSj*f up-UH O*^ Jai-sill Oj^j 3^3j (js^-AAl Ja?waJl 3! 
jS^w Li^aJl Ji tipj^Jl O^lj l^JLSj -W^y iaiwaJl 

.jA-i 31 OjJUaJl |»«*.>o JLJI iaJwaJl 


t • 



jjT jlJjVl l)I 4 ^fcSj aJ^-P duos' Aj^J alll oO-fe j~ + Aj 

Oj-^Jl jUjVl ^uLi 4 Va W Jbjj JULj t (jAm? J ,1 Jaj) aip^- Jid 

Jaic*i JJLi (aS^>- yup y*) 4Pjp~Jl JbjJ aJj-^JI jUjVl UjJLPj 

JaaJIj £«IaJI AJj-aJ' jUjVl (JL^Aj iJ j^p}\ jljjVI jAAli *l^il 

gZJj aJL^aJI oJ-A ^| 1 jCj . A^Jj.^Jl OlJbJUl gZlj ^jjl A^--^4 APj^j 

. Ajj^JJl ^|j (OyJl J 0^1 ^1) AySUl ^IS' S^Li Ol^Vl 

o^p U d~>- ^^>-f jS'Ji* La J?^ of OjjJ 'y 

UlA J-433 (J ii-i 


:5S >\ jNjft Q 

^^a oljliJlj Aj—dj ^jjjf aJ^j o>- y 

(Turbulent) ^L^JNIj (Parallel) ^jljodl 

£* ( j-d J JS aS^>- O^SJ t£jlyil Jj (Orifice) 

O jSvjj . oLyU L yi*j jL~* ^Lio ^ d->ij ‘>1 ***-JS«> 

IJia Jli-j . jUJl l^j j£ ^Ji sLiJi jSLi y> iJU-l «Ju> J a-p-_pi }y ll 
O^i i— Jjh*aik\ i—) l..... i s yi oNl>- J L»f. jJj-aII ^41 J *-Jil i iL,— i| 

Cj\Sj>- }j>-j ( 4»liJl IJla >_..... j j . { jJifuj lg«dAj oLji-l *Sjs>- 

Jp ^klidl t^L-JVl Vj . J£JI tljA! 55" j>- Jp Ujjf U ijll 

.oliil J£ J j_^. 4jf Jj jA Jl ^_JU- j*j\ JL-t Jl Jpl j* ±jS 


i^.iii^l XS’ 4.5^4LjJI oMilnil Y#i" ^ (_P^" ^y^y* (^) 

* 

CjLJbj l^J ^4 o4 £.1 ’ 41 . >4 . ~ |J 411 i <ijlp 

. ^ASJ| Jlf. ^JlP ^ iJj-4» 


IN 




• {£j \t ) 

. (o) 

, Jm^II i—'l—.1 


* tf f s 

j^J.1 Jj>-jj Jpl*j w bjia./a^ jl L jtf c-\j**t .j^a l^|j 

^jli jw L»jj^p Jj JJl I*La SjlaLw# . (Wake) ^JjJLIL w U JL>-j 

v—^jlill (.J^* o«AA , jLxJl el^l ^«JkP js-lll 4&j** ^jA jyh AP^aj 

jlSL* v-aL > > A <Jp *ILI ^LwJLl JjJlII ^jJl^ ^,-w ISjIp 

Jpjf (A j»ij) ijlj JSLi J* JjJJl aij ,*_jjUJ! 

Oj^aJI AjjiljJl JjJJI aS’^>- 2 ~jj (EddyAVhirlpool) i«ljjJl> Jyu U ykj 

lf-i O^aJl i>-ji J u Sjuj . OjJlaJIj ojLwaJl Ji» v_iy»Jt t, ..j ilt j 

. aSj>" AP^p 

4»»Ja^4 oLi ^ jjC L^kX*p ^^^ ^i »/^l 1 I La( 

jjy* • j* J,| ot>J Jr^ U AiL-w« 

Adla«j <J ^*1^11 <w^LmjI ^JL^j , J^all c—>L-*JL A-^mJ La frl^Al jf 

<w~—Jl J-Aj As^l>- AA^Sj 4jj-^J! jLjVl 












^LjjS ., ^3 4 I-*eM »^U 

*LaJl i »j ; i^llj bS'l_SL>-^l <J l£*^ J-fr* 

iS"j—>- djj J->- iw<.M,J ^Jl I j-*Jl Ajj «a« 1I o^>-JL-Jl JJlcj . (^r^Jlj 

. «JjjJl» 

JjUJI ^j->jJ i?wJ (S) Oj-^j (s) O^y* £® ujI jia-s^Nl vl^A 4 j 

1 1 oLytJl oJLij \Joj • l) b * i3 1 1—3 jAj 

^IsOJl oii JUJill <y ——■ j -7777 uy £jlrd O'-** 4 £Mj) 

A^wJl Oj^jj J I j LU)I OL—*Vl lJIjJpIj I J j J-£ 0j^£ 

^jA < JS' <J I Xk . (jciijl oli^l j olwfVl ^j\ jja^ \ 

£* Lj. ^ J^)l SLiaJl j> | c ^Uj (jjiJl . Oi~^J Oi-Jl 

5 j^>*VJ v <JL#aJl v. flSiull u ±li\ JLp^ AiUl Aa Ja * ^ ■*** 

A^laltf <j JL>jJ jJl i^iJl ^ £jliUl *I^AI |>jJa^u UjLPj . J,jVl ^ j-Ajt 
4>*I3 ^ £jlib| *\jk\ Lat J^jCjLtJl ^jA Oj*Jba (^) Oj-sa) I 4-^ 

pjUl £\J J^b IcjiiiU J1 -£jU iiUL ^JlksOJ 4JL3 <wJLa)I w&J l 

^Jp* j^aJi y*%, ^ m«wJ 1 Ijj^- 

. ^^JLiJU — <jX* 

ojp^-t (J iwC— »l Jj JJjA J jljil Jj^3 Jilt JJl>cJl 

(l)t ^bJl ^A^mJjJU ^£Jll <y* . Jaj 1^ IjiygJ ^Jl dibs' 4 ~*a 

• Ajjti 4 jj^ap o L JL^jy ^LJaJLj UUjS'i ^Jl ^1^>-Vl <—Jp <— 3 jaIj 

* jL L® obju-jl 0 j-A 

a 

<j~^J . JjI^Ij inflow? JaJuA^ ^/ijJl (ji^l jW ^ 

. Jj^aJl j^JlI Jj>-I^ Aiilidl JaJwaJl ol>jJb IJL^- ^LaJI JLp ^a>«JL)I 

f * 

1 / 4 Lalj ^Lii ^di)l bjl ^S3j iiL-Jl aJUjJL <-^^>«i! — T 

ilLi-l oJ la ^ jdL*nj . I *ljAI jj^rf 

. 4 Pj-Jlj -^*'1 eji ,ju iitA*JL> 


tr 



i ^j\j U A^^«*3 J A 4 J fUf oJj i/t> __ 

Jjljl) djxil oJLa JbljJj JlJLj A^l-Ua^l -UP frljil jLj SjJLj jA*L+*aj 

. ^jliJU £iJb ^>-ljJl iaJwaJl 

_o^fUc4 Ojj aIj^L obijjl ^>- ^ : ^..i> aJ L » -* . > ^^>«il ^jJL t 

^jl>iJLJ ^ 4 ^<w Jg a i «^a» ^jl>fcU ^1 la^ 

lg*5 JLaj 0 ^j£* Jj . (jwjjl kiu^ oL j sJMS *j>-\ j >-1 v-. I \aZj IaJUp 

# 

. Lj jJSu oLj UOjjas ^Jl tl^Al <~*S Oj&Z Ay U jJt oJlA ljj>JJ 
y* i2~J> i>ui J^>- ^jULl jlUf of ^yjJj 

1 jL Lc Ajli £-*>jf <J^>* tjuiJiJl 


cJ^i^f d-3j c3 AA-»^J I Aj j aUJI A>»Ia)1 ^jA A»»5 JjJ? ( ^ ) 

l 5*li £* £-^jf a>iIa 1I obis' ji Lf 

apAU*.* AOoj cJu>j <J 3j^Jail *1jjtI ^L~Jl oL Jli 

. £-OJ UJLp Jajj oLdJl i>03 L»JUP Jbjrf ( 


oJA J fi)l fj e-b *-^>»il jj (u->) 

ill?-) <jcJlJ-l j ott ipj-x oL i>^>vJl 

^LJl jlup U jl>* J| JaJ jJ obis' ojj (1 $pL*JIj a>oaJI 

. i>chJl 


of Cfei aJI jLllI 3Jb j 

aj ^ J jb\ aO#j 0olj-^f 

. i L l«t« 11 JL>P 1 ^v 4 >bJ I *J I fr I Ag4^ 

^<Jl? j frliJlj (3^-J^ JUp U ijjlL# 

JjJ^f ^jwJl ^ frljAt 0jii of Uid (|*j) j 

JjJpf (s) ^jwJl ^LJj 1^3jjcu*j ^Jl ^ijJl Sjii of Jij 
oliiJl of ^ t (8) frWl Ljijjcuwj jJl cLUj ( ja 


U 



0 


dills' J Li l l ^a dSj . ^IdJI A^xkJl 

jf Jj>*J jij 4 ols'^i-l iaj^Ul yjjjl 0^13 OjliJ l)1 

^TVaJ I ((^f J) 4»^JLS' JI jj I 6 J...JT ^^p«*4 4 4«»/311 4S'I 

<j Ljlb*-^ jJl dilj J^f 4^3 e^li «^pf» <uJ 5 

.((^jU?))j «^li» J 1>CJL Jl Jia) OuJjJl olS^J-l 


(Critical velocity) i^J~l ipj~Jl Jyw jf dJUiS' ^jljJJ j£s — 

£ 

^jliLl ^J £?~*i LC t Sji ^/\3jJl (jL**jl* 

o^Jlj qLjLIJI C-jLS jJ cJLill Jc! - ^ . 4 Jala JI aLJaJl ^jA 

# 

^o .*« o (i ^>- ^>-ljJl JaJWill o^LjJ j\i jJl JL^jI frJb <J 4 . 4 ... ^ 

((J^f iJU-l ftJlA J JdJL£ oii c 

. 1 0^3 iAji^*j I o^L j ^ ^l ^ d*** * ^/L)^ ^ 3 ^I AP^<*«Jl 


?Oi-3 b^3 j^jJI jj d.*.«>«j 4,..« < KP 4 jL jiaj 4 jLL-JI ijj>d\ jL*j 

S t £ # 

<JLL JUM oijb jj . ^la^i ^>- ^LU yjj 4 in.^?> L > y^ 

. 4«44>U< i>-4PL»JlI jL 

dru (j O i J L l l ojl.X l ^il ^Ljl SjJbcu oi jA 4joAa j 

, Jl {J* ZiJuCa Jaii J <jiaJl + Uipf JpULj £*j ^j>-fj V 4 


_ n 


^ v 


U* LyW » V—*jl^la.*^^/ 1 ^jA ilL*A 0^ ^jA 

( i<( /VJ (^^aJI jt 9 . ^jjdJl S— >\j^L>^9 1 ^L*Jl^ 0 1*4. 1 1 l^j\ jia «,^ I 


ipj^Jl <jA Af'j+mj ^74 . t i l l J*A>- ^jA ^3^ 0^ ( f ) 

(J ( {^ y *~+A v. i . : i > » jf -*A ip^ ^ lS^) 

JlCj (Oy^l ^^"1 (J^° 1 o0^74^11 4.4Jfl 

. 0 I 14 JI (w*!jJa^L 4.*o.«.d) La I Jla 

l-Lft ^Zj> of ( j^o3 ^Jj'ill v-jljia.,^1 ^P J y*£L^-\ Ll^jf jJ (^- 4 ) 

idlS bjj i+joJI ^laf ^jill (3jjJl 4^ia3 


10 



(jjjJl . tj ciJLi l £jkk| *lj^l £* 

JjJj^ j*-> (^ui-iJl ^Jpf vi^N>oj ^kVl 

• Ji (3j>S 

j» ^jliM *I^AI jkj ^ 43 j jJl JjL-^f Jjliu LaOlP 4jf Ji>-^l^j — A 
4 : ,o,.J ^JJl ^l!l ^ c_jljla-kl JP £tJlj Oy^JLil 

.iij^Jl Jx^f J ({JjiJi 

^j^c ((J^Jill uj! j]g t ^g|)) ^jp Jj^i“l J-*jj ii>LJl i>j>oJl frLjf ^ 

lui i>wJ . jciJjl ^ ^Ui t>Uii iSjjJl JL>w jl (J-jI-AD 

p 

ijp 43jjJl ^LaIjI ^Ij vJU«>u <C>-j^ Sj3 li^\l>-i 

4j^k p-iJl ^jUM frljjkl jLj of IJla <w~4>j . (jci-iJl 

^(^Ip 4y4w»nJ L® jf) ((jOLtJl) jJUtfll Jjp (JjLaJI 

<-Ij^I jLj of Ja>OL*y»» \^ jS\ Aa\*:* ^j,.a.JL» ^>- (^JLdlSb 

j3\ iikll olj ^pf tO^UJl olipj ja IjUi Jl*Lm* 

<J <Ii oU^ji t, ip^jl iliJ jIaII ^lok^Nl litA>- 

^ij^klt i-Lf LJjL>* jj .(Vortex) ialj-lll obiy 

O^Jlj (s) 0%-Jl Oj-^» ^jJl (Aerodynamic) iJljil i^wabjjJl 
43Lk^ta (®bi v—>ljk-^l) i^yS s_j|^k-kl ^ <^ijjJaJl oJtAj (S) 
(ob«*^Vl ajL^* ^a) Laj ^jdayflj <LJLp ap j^i j\y 

« ^J i l a»m > J b ^b»pLd 4 Jlp Ojaj^ a»»J L> ^jloJ I j>x ^ 

Jjj Jj^r of JLiil oij _ ^ • 

of cLlli Aij^j (>) «^»J uyj-^aJt V^> y oLu-»Vt ot^kf 
*.|j^( ^jiai ^f uijjtll ^UJI JS^Jb Oi~^J ye (jkj 

. (p-i!l ^jk ijp) JLV..:..,J \ gSk» jlaj ^jUxU 

.jL—Vi JPJb jji 0%PU Ul^ \* *m —Jl (^4^-5 ^ (^) 



st^Jo^y 4JWI iiU-l jJ 

t.\y> V £\j» *Uil J jw j*iJl J| j 1 *' ,j- ‘a* 

^_j|jla.i<g| 0i» ^Ubj • Vjli* 4jt jf Oji |«jt]l 

£■» jlaJl xp) (JjVl i3U-l <J <^iJI 

' w " 2 

.iJliJl aJU-I (J Oj^j 


A»^ L oP «-L*P AlaA*^j ^l^kl c^ Lx J 1 ^3 Uj& 

• (if* aIaI^I* A£'jj±£- (JL»jCLm<1) J j£AJjh}\ <y J* r 5 ^ -f^ 1 

: jiaJI fjc Li ^ 


: ^ilil ^LSJI a*> - JjVl SL>JI 

c- 4 jV 1 (J *1^AI ^ JaiwaJl oJ-ft (jj 

a^^^Lj jUI j ^.lal iiLjiaJl oJla jf 

:aJ^I ibUll J (Aerodynamic) 


V L~J^1 oji 
■JajwaJl i.j_A ~\ 

•\ji\ auj V 


= *\jA>\ j£ i>-L*^ 


Jl* *I^At k-^L^JL iS^taJl ob jl Jill ioli JaIjaJI 
^li jij . <la ^ j aJj^j (frtjAi j j y <J jjf lij) ^JlI i>- 

Ool^ill o^A ^ju Ai^taJl ^-»LiA>y jjSjLtj 0 jy>jj^ 

o LLjJ U ^Lill vi*>-tJl ^>u ^* 3 j di 

Jp ibl*!! ^^*11 ^jA aJU IjlAj . JdJjjjj ^UjL aJL«-*J a^JjJ( gJbJl 



(JjjJ-l Cj^i) <j* J L$y^ 

:\j£L* cJjiJl Ja 


iy 



~ j£ 4^L^a 


JaiwsJl i^jb \ ^ 

*!>l iilS 


1 o^3 4*a—*i OxjlJ Aj^Iaw# ^«JlI 4»>- L^a (J^ 

^3j Lj Jmmt^A 4—$liS^ P 31 Jp^*A ^jL^“ ( -> 5 A C J 

JajwaJl 0^5 jlJLiL® ^**1*3 ^o (1)1^ llj • ( ' ) j J ViJ 

U 4jadj <j *I^Al £^>*1^1 ol£#l ^jy 1 JiA j^d 43li5j 

(^u ^ ^i l l ^U ^J«®Ip j^JlI A^-Lw^a ^l . aoIp <ajL-s>- 4^Lq*p 

<jLftjC^«*l> Oj£m* dita 01$ i ^j^LaJI ^Sj <. aS Lot . AgJ^ajl oLs^aJl ^y* ^JLp 

* <Ji lc^ W c oJ-£>-f 


:< T >*I>I ^li jl*>. 

^-^lj)) lAJb4 ^4» w *I^AI c-jL— jl ^U) Sj^>-Vl ^ dlpjj wij>-jj 
dJULJl ^Ui4» (Pneumotachograph) ((^L^-JVl 

frli^lj ob ^JL*J jlill ^Lill J^wj (Warm-wire anemometer) aj^-LJl 

# 

<-ljil ^L^jl ji j jAj aj jJiJ IaJp {(^L-^jVI j»-*^»lj)) . <JjVL) 

Lm»Lj frljAl <U +S £4 ^w»UlI la* *0 ili Jj^aJl 

J j£j (Flowmeter) ^Lill J^Soj (Linear) Lk>- 

. (Resistance) (Pressure transducer) JaJwi 


.ci.,pp. 39-41 in-r^^ oj>'iso> 

. L 8, Ch. 4 jp J^iJl ylr J1 \ 1 * Jby a* U (*) 


IA 



^_Jp ^JLjca <*_j^P ^->-1^ i-ajldilj 

iajUilj . Ala { j^A>Cj t5j>-Vlj *1 ji>l JJil^J oJb>-lj olS 4 jI jla^l 

^J>—s AAi — l>iJL) (Mesh) jjuL^ll blbJI AO^-b* A^»*b> ^jP Cjlp 

jLiil jw of ^s (^iJl j j^ijJl <j j^u ^y» — 

J»1 Ijj Jill 0^ jf J*jj . 

(Ji bU ®/* j[p*ll ^ Ji^l ^ t iabaJl ^Li! JjjJJ Ji J-nA> Jp>“ Ji—f 

is 

^iJi t-*>b»*>Vl ^UjC IjLe £jliL| J| £3*11 b~>- OJUll Ajljia**»Vl 

. ^jUL| Jj ^UjlJI o ji 
! o'bfi £ubJL AjtfJl J 

. Jj^JlI Aj J*«P I Jl/bj . iajLLjJ A>*b *1Jabi j?jIULe \ 

C^LyjVl ^*»Lia ^J-JL J**P l-L_Aj £“ jlib J[ <S-il C^b-jl Oji — Y 
btf IjlJLia jUxJl -Uj AiliS CJ15 llj (Flowmeter) 

aJLqjJI frl iaj^Ul j-^bJl of l-b O^i ^Jj^ 4 

0j_3 j-^LjjJl oJl/bj . Sjj-S'Jill il^bil (J J tolT bb*bl 

I^Iaj jJI A***3^ AjjliS^ law */i\\ Ja^»Jb jlOiaj ljL . mJ^ 1 

" # 

JLp aIj^I jjT A^-b** A3 ^yca 0jj5Jdl aJ^L u JU UJaj . jjJjl j j*3 J 

. Oj-^aJl ^bl 

Jbaf Jp Jb^a>%j of (Computer) J j JUju-^L j 

bU i Jl* J>4 ^bbp ^y^\ ^j* 

oU jJL*jC IjJbjjJ t JabiSlj ^LLo «wJU- ^} j>~\ bj4>*f 

.(V-Y-^ JS^JI 




(1- Y - \) J5Li 


. Ojljll — \ 

. w>L—;Vi ^Li. (f) 

. lai./ill ^Li* (iwJ) 

. j^LJl dULJl ji ^Lsy\ ^U* _ Y 

• -£* v -^-' ( ^ ) 
.jsiL. JUL. (>_<) 



(V.Y.^) JSLi 

£4 Jt? 


0 • 





: (J 1^ bj&j 

^LJaJ (jliJUj (<_$jJL*Jt JasM (J) JaiwaJl i) — \ 

. JajLl <J ijM Lie ^>-Vl IJLaj) c-»L— 

ojLi| (jllllj JasLl) la**J l)I ojLi| S^a _ Y 

.(JU1 JasLl) 

Jaw^aJt <jjLil (Analog Computer) j* Jj j£S\ — f 

•UO^* <>* vb~^b 

j^o oljLi^fl 4iJiLi Jp (Oscilloscope) oLJlo ij — t 

. aJLj Jajia>- Sjj^a ( Jp 

. (jyUS (^3 jLp- — 0 

. 0 ji j^z* — *1 

lo^iUl j^P i/o ^la _ SJlill ii jJaJl 

<J (jjiJl ^IJj (Jj-^w 3 J^-b £-*aj aJL^ iaJt oJlfc ( wJl l alJ 
4.L—*<j^Jt o<j^> «>UPj OjSLJl JUp JjJLwaJl la*^ 1 i 

^jA 2 jj <J ^jci Jl\ la* .,<? <jv 3 ^3 j*~* 

Jl£iVl <3 y*^ l^Sj , aJLojJ JaJwzJI jlJiua uy> (Sy*“^\ 

£jU- A^fj Jij c JjJLUaII J>-b <L»5^L ^a>wJl ^s aJU I 

. aJUM.3 4.o> «».>■ iJLj (jjJl^aJl 

! j JU i t QJ "U.^1I — \ 

AJJUil o^>-^ll 0 ^LllJt A3jju A. Ai^laJl oJlA J 

*b^' ^i ^ r 5 ^ <>* J*J 

b^lU^j 1^3 Oab <LaL*^ K+&J AjJjf 3^ L -~^U (_^JC*sa)I ^^b I 

*b^l jjj* • i^aJI c-iVl 

frljil ^ a la* ./?j tlji>l ^UJl ^Li jLpi- 3i J-^d Oy 

jL4^j bjjJ oLXJlII i*iLi ji^*~ iJLj-^5” 5j^I cii 


o\ 



IJla aJVI <J i_^L~*jl y» J^J 

!*«>*>• (j* ISji-\ oJLfcj .(JjOwaJl *l^gJU 

J->-b ^jjl frlj_AI y <U*5 1^9 (JUIjj Jj ^flJLl I JLLP (JcJjJl 

^4»Lii jJU jLj>«j L^lJ jX j>j^lail frljil iJ-Aj . 4 j^-jVI 11 

Q.i£ Lit d^L-L-Ul 4-iLi ^P j ^l a ■>j « 4 la 

. ^jiJtj 4—iVi y* ^L~Ji 



(A-r-^) J£> 

.ia^Jl ^U* J[ ( t ) 

. ^L-JN' J1 (V) 

. ^jjJLU Jajl^l ^ 

.j+J\ _ T 

. laiwaJl (J1 ^—aJVL> \anja\\ JiJ yj LijVl — T 

. laJuaJl ^U- pjaJL ^jjl JaJwaJl JJilj yj ij^jaJl ijjVl _ t 


OY 







* — Y 

i>%zi ^L—Jl (jj Jj^ipVl c3j' ^ I*Xp J 

4la>*»tjj J>>-l*xJl tijjtl ^j.»>LS { j^Sj . jf -Up frtj^l If^-a J^-Jj 

JjIaj U . ^^SsJl JLp JwjJI 'jMi jlJiia ^jy*j LjT t »^l ^j^LS jL$>- 

<uij j jJj i3jJ,*wa.'l Jb>-b jJL^j .tJjJlwaJl (J| J^-ljJl frljAl 

J! ^ a( ji>( ^1C I?Hail ^a j»lj>- li^p- d^Lpf ivi ^ 



(*-T-\) J$L> 

Jjiill jjJLUdJl 

. jjJL^aJl — ^ 

. j~^t c/r^j f ) 

■ c/^' jW^' OrO 

,3jJlw»3lj p-ill j iaiwall ^Lil j bL» jI ( i ) J ( ^) 

. ( _ r iJl ^L. _ Y 

. uii juu. _ r 

. (Oscilloscope) olj-L ill j»—-Ij — t 
• Jj-<» tM*- 1 — * 


or 







: ijiJl j'i — T 

iaJwaJl — <JjJLwaJl Jl jJl ii 

j-a Ji^Jl oL dilij JjLJ iiJaUj Ow^J( JS' J 

o|j ^ L» j>*-> -Lp ^jli-l frlj^l <** £ (jj X . ^) l 

JL >-y l-Lij . JjL^f (^Ail Jai-s<aJl <u^S^ <uiJl 

^ aIjjLI ^>*iaSI 6jjt ^aj . 4jtjfj j^lScil ^b>f <ua)I i>*ii 

iikl4 J 4lP lj>C^\ il Ja^a J lillst JajwaJl jlS' Lij . J a iw a J l 
^ ^jLjt-l Jajw» J-Lc j*j — iVl {j* ^jUL| aIjjLI jli 

frlj-il >L~jij) ^jcJjJl la» *,<? 1 (jOai-<J p —o^>fcJ-l 

5<uJx^» j la n*/a JIj (JjJl^aJl ^jA a^A-I aIx^Ijj (1^*3 <Uj>o-j 

. AJjJl 4ia-M»»l^J A^»->«->-^ 



0 • -^-^) JS-* 


(jjJCUaJl 

, .Lilli a»J _ ^ 
Jjjl J y <>&£• 4il>- — T 

.iiUJi - r 

. Jaiu^Jl — i 
. v jlp- — d 


<JaJl ^ 

.iOll _ ^ 


.iiiiJi _ r 

. Wn.JxW *Aj* — l 
. uL^j jl^j>- _ o 








•• A s j ujsto a 

I. S^y»oA-lj (^jcJjJl ^%j okll ^JoJl j*dlj ■ 1 

CA <l)k j&j U»^j jjwa-JI ij* j^J.t 

f 

<y t/ <j* g?** (^ j^’ Z 1 

I j£*J J5 jS\ jA\ Uyi UjSU jA\ £A jT^Vl £jjkll °^- A 

£jj J5 jf ia^-%j .JwaJJL <j%PjiJ! iji ^ 5 ^ 

£AJ . (^p-Ujjl j& ^Ul £ji}\ y> Ik *£j Sfjk Jit <Jj& L $j^ai\ £j yiJI 

<J ^Uaill i>*L--o ^jA j£\ ijyf.'.n.uJl I ^ if <j ^Uai!l o-Lm» jt 

^Iki <>-L-^ J^IaJ ^jyiJl oUlki! aJLSDI 4>-LJlI jli ^ £yi 

* * , 

<>-Lw 0 L~£p bl jkl ^jkj frlJ^l 55 j>- C-J15 lij . C-ill <j 4JJ jj2A OA-lJl 

d)f I -La jU t(o^lj IJ5 JUj o4JLI c-Jb IJ5 JbjJ Ljif ^f) ^Jkitl 

j v » JLL > ^ * * * jt) oil!I j j*—^ ^ ^wjuiJl (J frljAl 55^^* ipj-^ 

J JU-JUL* >*) oli)l J ^ ^ ^ywaJl £jyiJl J CJl5 1^1 

. (oliJl 



. is j\ j i*p yjij O.J ot^laJi j5-iJi Oiri (t) 

Jvj (^^-tjJi Jai-I) i-JbJt <j j^ : :;. JL cJu o%Jl J5 Ll1! (Jw (^) 

.(JiiVl ii-l) Xj\ olyi gjlai 


00 





i c ^ *;^*** ^ ^ 0 ^! J-* p-P^JLj 

jJuj N C^jLj 4Jj-*aJl *UapVI ^ ^JjLJI <jJ^I <J -laJw? jf ^Jp ^LH 
1 aJ Lw u j La ij>j I -La l. m » ^ uf . ut>t ^ iUi ^ vi 
J L-it>L^-l ^04 L# ^cJU <0^j Ac^ISLa a^-ap *?Up (Feedback) 
o! jZ«-a ^Jl k^aJl £>-jj oISj>«j ^LaSL 4^Lil O^L 0 i*Jl j^L ^£>- tiaOaJl 
Oj-aJI ^L- 4 jjL JaJ^a S^>oA-l ^JjL*f ia.*.« a 11 oLj of j^UiJlj . |*j|jJl 

ij^UJl ij^UJil <jj . ^pyiuJl o^Lsap JaLU oLjJl a-L* v _ r * *Jj .joJLjf 

# 

. <U^5sJl Jam^Za Oj^L LaJLp (jwjJl <J *ljAI la« .,^1 N^Lca laii.,rail JjSL 
JaJwaJl <ajU 1 4«,.-i«z)l O^LsOaJI La QaLU 4 j^IaJ| ikUJJ v^JUalJ N I-LAj 
a~*£ oj£j LaJzp OjJl£ N { j^ LaJ^I I-La oV) ^aLJUl ^jp ^jLJI 

. ( 4 Ja-^za aIJAI 



(W-Y-l) JO 

^Uollj feULlj ^^1 x* a.j*)1 *J>I U/ 

. J-L^ajl JLP 4y»53l _ r . jj-xOl Xf- 4~*£Jl — ^ 

. 4>-ljJl _ i . aIaI»*1I JuP 4-»^Ji — Y 

JaA-l) 4jjJl J Jb^i of aJL^JI < r 0CLl JzJlI oW^ — 0 

. ^1 j?uji ^ jai JkM - n 

0-V 







































gL>[ aU d^" J*x L* iib-A^ 

Jia) iJj^Jl AXiJl 4dlal^ j}\ ciJLllS^ (Tense) IJjJAt olj-^Vl 

Oj£j Ji ZJ>t li-l JjL*j( Wn./sW obj jf \^ . (*lilj frU-lj oj^a-il 

,oj^>J,l ol j-s^^U iw»L*»Vl i>-jil <j obj <J t>Ulp 

\t j>u^-\ 4^alA ^ L ^ja\ijji\ ^\Jii}\ Q 
! X P jba^ll ^bJL* ^ 

4>uJ l5"j^- (jLjVI) j«Jj «/3 ll iij>Lo LaUJiP 

jjjli ^jp biJb- La Jup dJU jl! lw?jjo jl5j . sjij LajJ^J 

: iJ^/l itaUll J { j &JLu ^JlII 

S5 JS 

. (Lot? IjlJlLa = iaJwjJl + frl^AI ip^ iilS^Jl y) 

( jp ^v-xJl j* <Jp AilS^Jl 

; o^/l ojj^aJL iJjl*il 

, LLjIj IjljlLa = JaiwaJl + AiP J~* Qj* * jU*Jb frljjil > y 

JiS u^j bT kiwaJl ili ^J ip^Jl o^bj JJ bJlij 

-bj>- ^ jbjVl QoJlS AifiJw? Ju^i *1J^ii ip^ JlSJ 
jl>vJb £-U jlJLLa ii jajC laju^aJl jf ipj-*Ji j!JuL« ^^LJ { j£j>j , I*^aj 
A tflal^ Jlp bb^[j ILL* iajlill) JaiwaJl jf ~b-j J . iiUl 
1.0cm H 2 0/L/sec Jb-ij ^jJc :Jl JUP ^jl^o (iJj-^aJl i-XJl 

bi^ll ^ (j jaJ' jf -b-j ^ ^ j^\ JUp 100 cm H 2 0-L-sec ^1 ^ 4 jUj 

fltf-A Ji t Ui~i oLS^LLj (J^-Jl JLiP jL»jll 

Xp 1.0-4.0 cm H 2 0/l/sec ^yr i j J^-lj ^1 yr uyj 1 4.0-8.0 cm H 2 0/L/sec 
(_$jl*jl (j aJlaJ (Jj jaH «JLaj . 5jj^*J.I ^Ij-JIj (jia-Jl 

,ol^>L jkJl pb‘t ^V 1 A* <y 


ov 



x* jl»j LI hLii * 

Jjj ji^ frljil J^i <■ JLlalJ 

l a * i.—i l . 1^ j^ii jm,<? jt £^Ia-*iI jI.JLtf.l 4 £h**jj . ^hwj^l ^jl>» p_ojl jf 

j*->^>- Jj& Oj-^ J^JL^ LaJlPj . 41^j jlajll (j ji frljiI 

Oj-^aJl Oj^j Ujip o j^5f ^-aIVI) Ut*Jl iikil <J *ljil 
jU^LL jlil frljil of £j jaH ^ oLjj , L *j*-fr* 

*—AJj^jJ Iji Zt «*iltaj) (J^ j o.d. 1 I L^” iiJbi 

. uLt n ^ J^T ^J^>~ A>wIlJt Oj&j tfrlj.il 

: WJL ^Li a^p * 

.^U WJI iit>U V^' JlSLiVl Jsr 



( >r.T->) 

(J-*—^ lII W*i^“ J! *Jj (j- - 4 -jj-aJI oIj JbJiJl <jw ^^Jl*Jl ( f ) 

Oj-<aJl jV oL-Lo ^JLp ia^N . SjL*Jl ( j>* (p) j^^ll *UL) ^^laJl <iaij Jw 

'sj*y+* 

ia^-V .SjL*Jl *1y*-L Xs> ^JUl kiwaJl jl-Ul <jlo Ji—Jl tjJ^I (*—j) 

. (p) *UL (jJaJl JUp iaX^aJl oL> j 


OA 





.J I 

^jl < X a a ^ |a>J 1 Ja^l Uf . <*& La^«j 1 ^ ^ ^ 

Ji UJ^P Ji-»f Jl Ja^ ^ Jpf Jl JaiU k « .. <al l e iL Jj j. iajwiJl 

^JiX JaiM Alaii ^ j’-'-i p j■< (_£jJl*Jl JaiM . U«.i<i»ll 

(Say AjjJjsJ'ill 0 jL*Jl JA (p) il ^LxJVl Oj-^aJi J viaJP <pi-)l 
Ja a-aLI Ji*ll Ji-Jl JasLl aLaJI oJu JLp Ajf Ja*-}\jj . Pat again) 

c £ fi 

. la* «i^ oLj <1)1 i> ^£' (J^j l£ ILpIaJjI 4.P j**u 

iaJwaJl jf Ja>-^j iSji-\ ^J^Uailj (jI>*j1jNI) <joLiJl 5j>tSj 

. iSj^\ J Syrji dUij ipj —j Ja-^ 



(U-Y-\) ^ 

4>*lll |»^...<ll ia>-V t L^jL^ ojO*Jl «-Jb ^jA <J j-*\ oIj-LJl)I Ow fj jiOl Jai-1 ( 1 ) 

.(d) JUL jkJl JLp JaJ 

. p $ ■■ ll -Up ^jjcJl Ja>-^/ . ejLjJl (J iaJwaJl jlJJL* 0>ri Jaii-1 (^) 


(Say dat ojL*Jl> J^laJl JOp JaJwaJl j u?. JlSwJI JJL£ 

jjjkJl j£dl ^ ojLaJI C/jj LjI^uj 

OlJlAj (d) iJlill i!U-t Jj (p) JjVl iJU-l J^L>O^I Oj-^aJl 


0 ^ 






JaiL-l iljlicj (J oIaI^ jI>«ajVI <j j^CI^u oIjj-^JI 

J5LUI J Jjlail JaiLL <uiiU ^JJI JSCJJI j (d) iJU- J WJJ Jull 
(jLJl ^Jp) ^Ujj^U JasM ^Jjl 0$ JaiwaJl jt Ja^-^j JjLJ! 

» i—A + a} ? J^T *yrj$ OJJij ( ^ jt-5j -UP) cOj Jp Ol>- jaJ jj 

(^•Ul i. i*w«^a)l I-Laj . JaiwaJl ^LiJjl aJL*p 

.(d) g 



(\o. Y-\) JSLi 

4»wll JJ ejL*Jl aJLj ^ oL«L-Ul ^ ) 


. oLJbj> ia>-Nj (b) s-IJIj jiaOl 4iai» <jw JuL^V 

jJoJl JLf JaiwaJl <li Ja»-N .ojL*Jl JS’ J JaJwaJ 1 <jw JjL-JI *^A-1 (*-j) 

. jjsAjLJl jJL£-lJl J aip- frUL 


oj^^hII frLJl jiaj JCS' jljl aaj la * ) I jlJLio c/W IJLa^ 

IOa ^Jp Ja^^jj ^g j i i Jl ^jL-Jl Jai-I ^ ^>JU l^(b) 

j} 

jUl Jai-I ^laJjl of Uif ia>-^jj . of Jai-I 


"V* 






{jA j~. uVl J Ul*) ^ a^oj» fi-Ul jjJaj J Up J a iw i JD <JjLJ| 

^ ]akja\ \ oiLj jfj (frUl ( jiaj JJ*P <U^Jbj Jaiwill S^LjJ JiUil Jai-| 

of IJLa <j ^w^>Jl j . <J l^v® Jif 

. La^A^ lj^>- I*Aa Ut 4 4~i jf L*Ij L—^ o^ijc 


f' ‘-rf 0 »* 

- 




t , • 

" 




rv 

- 




T,* 

‘ 





“ 




\ 

V c 

) 


(>n-Y->) JSLi 

5 ^ ! t ! > 


• Jai^aJl ,^-Li* Cw p*>jU jJl Jai-1 ( f ) 

(^ - Y - \ j£-£) ^-U- JLp ^ij| J>-b Jai-*aJl jlJLi* (v^) 

( j£i) xiLJl { j * \ • • ♦ / Y • ijl _^4-l lj utijj JLP |vi)l h«.^ll jljliu ( 

(\t-r-\ 

(\ e _ Y - ^ j£-i) '-iJjj o_>Jb ^r' -Up (t-iN J»-b J ) 


AN 




















oNL>- J Aa]g\A (J JaJwaJl oLiL-Jl <J^£*iJl 

I ^ I O ^ jt J ^ 1 ^ I 

\ ,t J t Uii 4*1 li) I c3j ^ > Y 4 ji-^ 0>i Aai-^Jl ^jVl iJU-l 

■ t j ^ 4 \ 9 G (,JU 4*JlJi ^Jj 

>(jil i**£j jl»j It i?Lii £S*Ap * 

^ J .A«* J l ^jj| «411 jp^itl < ^® ^-j lA-l A^S jta^ll j I nXA^ 

^jA [£j& 4 y » 5 JJOlj-s^Vb ^lfl«il *UpJ . ^^L*Jl J^i.1 (jj 
• I 4 *t*wj 2 j I ^ »\«*P ^JT l *-L^P %Xj ^ r»A> J I a I^A 


; 4u£ ^il #■ 

^ j\j ^j>1^ij aJS^J^JI jlp 1 i jL»jll a®jLi® ^Lj 

j 5 JLp J JIjJlII JL^i-l j ^£jj 4.0-6.0 cm H 2 0/L/sec Ul i 1 1 



j- 




c5jW^' — \ 

<j*y*-b* — Y 

■Jj4*r — Y* 

O^-P t 


y r t 

^ui ^ 


( J \j£La |*JL»m) jL-Jl ^451 Jai-l Jlc i*jjVl ^jjVl J * 

. ( J l£*^ JaiLlj 


0 *-Y->) JS-i 

^UJl ^*^Jl iiU- J Ja»wJl iijlla 





oLj j jl-LiLC ILa ^Jp J ioUfcii <J^>- aIa iJlA-l cJLa 

. ^j.^jaJt £4 ja!I 4jtlal* ^ 4i*>J0£ JaJwaJlj 4I*^Sj ^LwI 

iJtij*5tj}\ frbjf L r -> a a (jUjVl) oL^JI of ^ja j^p^JUj 

Sjj^>*ll oloLli>-N ^Dl frljil ^L-Jlj Ja nJx 11 <j JjjiJl Oli 
]aii*Ja]\ <J (3iwJ jli I Jla . Lij-ijJl i!l>- <J iLijf J^>^> 

. (_pl*Jl (J Jif o^J La j^pJ.1 (Ju 

I Jla j~+*j Jl 5j .olj-^Vl J ^laJ Lij-LjJl -Upj 

^ajJl <3 $JLa oJ lSj . ^J^J^Ji jjp frl^A 4,. 4>^ oL j 

^Jp JlpLmj ^JJI 4-^^k-^il ^ U-jj L .. r >u *1jiJ SjL jj 

. ^ L^J l oLj 

UJ^\ Q 

jA\ ^ 

# * 

^d.L< ^Li| (J LIa ijjj ^JlI ^ ^jJIaJI y 

L J . »J I tf-UiLpVl If- ^jJL ^Jl oJUJUJl 4 La * ** I y 4 4jV 4 0lj-^Vl 

{jj *&Jl j-*il v—iiL-Jlj oLjJJlj viUli j ^jJlsS I j 0LJJ15 

£jt j£ iL>U <aj[2a <d oii ^-iiVl ^3 Lat ^\jA J L^JL Ula . <Luwi j 

Xp DJij 4.0 cm H 2 0/17sec — 1.0 cm H 2 0/l/sec ^I j>- t j Jl>-lj ^1 j>- <ju 
. ‘uijf olJL* AjjJ *)l oLS" lij Ll-jJlA-I 

j-?r <j* J^f Lh oli 4 -^oJLj 

JLx J,l J-aj oi j^p jlJi# Juj ol5 ^Uj jkJl JLLp 1.0 cm H 2 0/l/sec 








Ji—t l a«.^l l = ^ 'j* 

£\jii\ j Ja^iJi = o ^ 
. <—i»Vi 0 f-ljjLI ^L..>jI = i*.ii 
. (J ^L-ol = ^3 

, Qj./all 4 jJL»JJI = 3 


jljic (^) ^—Pj ^1 jiA y* \ • • • /o jlJijC (^) Jai^ll k-—4 : ikp-% 

. 4-jliJl (J - ^ • * 


<Y*-Y-1) J*A 


4 iLmJJj *\jX\ O^IU* (js> ijjli* 


(JULij _jU^ll Ji-f J -lai-soJl jf iJLJl JpjiaiJ-l iJjlLa ^ 

4jU JaiwaJl Uf ,j>-V C-)y*p jJcj> cljjt 1 ^liJJl jlJ lL» 

JlPj . I j^> dUij JaiwaJl ^ Lj ^ ol55JU (J 

«> 

C^- LjL^a j^iJl <J JaJwaJl Olj-^3 jI 

j^p d^Al uf IJ-Aj <j^UJl oV villij jUjll 

* J^f J W) J>-f j jU«JU Jai*idl jU JULj i5^>*1« 

( U”* 1 C^ 4 ) 4 <3«./311 I Ob 4^S\S<Cj>- S )i I 

IjjL-^ 4 0^^ jf j*iJl ^J>-b (S^ p-jiJl iyli» 0 

i^lSc^-Vlj oj^^>JlI a^L>oVI Uf .jUjll JjL*f lajwflU 

UjUij cl^AI <U*5 ci l^laJ 4 Jif O^^j j*UJl <uL«* JfljcQaJl 0U 

^ U « j I >Ip U j oj^^>«il L > o VI ^lx>11 teX»ip ^U^Ll 

JjjiJl IJUj . jUjil JjL-f lai*& {j* ji-iJl JaJu^ i?j^A ( Jp ^jaJLJI £ll^iJl 
L : >«.Jl L ^jjJl jUjll jy^ Or 4 ^ 

olj^Vl ^UJ| . . . Jij ,jj-£>*il ^£Jl!l 

^xll j cljil ^UaII c^jaJLJI ^ (3 U'L-Jl ojj-gp%il 




. ^jaLJI £1 ji j\ jJL« <j *1j^t j>- JpL^j (U JL>- di) 

o^Ljj U -b- J,l iaj^> j j^>JJ ^L>J^I Oj^aJl Jji? jf U^f ii>-jJ 

•f^ 1 £}> 

S— ■ lJaZ > 1 jf A*«lp AA*/3t J 

£jUM A^S O^Ijj (_$ IJU . IaIj*-* c . I ialt U j^S*f L.- 4. * j 

Jij . JL ^jJaJl Aj^jll—J ^JJl O^UJJ ACSj+M A~mJ 0 ^L» jj AjjJl ^4 

t Oj^aJ I (Cues) (>) otjLil l^L ioljjJl cJ^ j.- aI 

olj—jig ‘.ll -Up (j^jjLiJl ^biJl jf *j-^J fJ^ \J&j 

. Jj^->til o^L»j v-. 1 \*~i ^>-i j*u ;lsi£^i 

\ ^ySC\ i»\A> Q 

• m 

<J pjJJl algJJl jjUlj A^Vl ^P oIj^VLj (jlaJl JUp 

<J^l di J-*aj Jij . di 

l^a jL^tAjNl ^£>- AjjaaJI Otj-s^Vlj (jlajl JUp . U1j \iy*\ p-iJi J& 

Jj . ol j i«. J . i lt ^ aJ^j di <jwl {j* (_$jJL 5 ^15 j^-b~ Ji 

j j£cj I ^Ldl JUp A>*I$ jljii jL d^^ d^pJtJl 

jr^ JjUlJdU I^JaJ Ajf Ja^%j .(Are you home Papa?) AjjJ>^V' •j4*^ 

d^axll ikL JjuaJl J-bU N A>U3 J jU ojjl>*dl 

ftl-Uji JJ ^Lil jjT £*3 f-JU JLii . ^yilVl jS ojjl^j ^yL*Vl Oj-^aJl <jv 
d (ni) Oj-^aJL (jialU t^lJbCU*>t (h) Oj-^Jl ^P JbJL>cJljjf Oj^aJI 

. (home) iJLS' 


.T\o ^ J-^ai j OljlUNl j* U-juJ-1 jL- (\) 
"VV 





(T\-Y^) JSLi 

^ j * s-jL-JJ jl(j*j ^) j*jaJ! (J JaJwaJl jlJJU Jw _ ^^LJ! 

Jop-'V .(Are you home, Papa?) SjLJt jkJl Xp (S) <Jj^a]l oLJbJll! JSLij cr ») 

. ojLjJI l..i> A-jL-JI JpjiaiU 

JLp v_jijVl ^i>ci jlJUt* k jw _ Ji-Jl J^l 

Ji-Jlj ^^11 J U JLWj <>ca)I Jai-I IJla r ijL*Jl al. 

, ojLaJI jJ— 4 * (i ^i3V I 

j p—* ^ • • ^>L—^Liuj ^ \•••/o♦ law./aH ; &>>%• 

.oUl 


ijllll ^ ^_ <aJ f ^jA Uj>- ^ Y * oJLa ^Ij jJaJl JSj 

c 

oJLa j j£j Ijl^j iJlill ^ja u-iJf ^jA \iy>- YAt oJs lijb { y r ^ ji Vi ijijb 

ijla.l (_£jl*Jl (Jli«f (JjL*j L« f A-iliJl \ ***/t*t ^ll4j*^|l 

.(m) 


■VA 







\^\ \\} kUi o 

<j>u jUj (J j*-aJI £j^ 

<Uj J-U iojlLa Oj^j j) 4 UIJ li^pj frljil c 3 i^ o'—Ul (J^i 4 0 JjmLp 

dull 051,5 . kS\& jJi\ ol^Vl <UP L>Uu LujI d>o^ 

, lo5Uj ijjUuflj^/l otj-v^Vl oip 43^U^| f+j *I^AI (j**^*! o' U . tJ lj 

dJUJlj jLJLlIj ll ol5 j>- ^ju U yOJ iiLft oL Jji3l i^lp U»/? > j 

JISLit dlo>-N dUij 4 dLi-l cUJLjj AlUlj oL^b^l 

£ 

4l>-lj *ljAI ja.^d> Oj^j p-ill Oj^j Uoi^-j . ^j^aJI ^Ijiil 

£* A iY {j* jlOiC JadaJl OjJjj . t5jJr' ia**< a . U bjl—** 

i-dai N ^jaJl (J frlj^l jjj*j . SjjUUjNI olj-^Vl 

UliJjl jLJLlI ^«xp JJU- viUij v-iVl <j i«jUll 

.1^ 


ft*- A 1 

V . 

I I. j 

_ f I 

*\ 

11 

I 1 I 

Ck . 

T T 

T 

t - 

f 1 

X 

r - 

1 

'I 

< * 


_.. 

\ - 

* 


u*~t * 




N <T Y t 

\ x x l 


(TY-T-^ 

frL-^Jlj Jl>jjl 'jib jv iijli* 

JM Jk Jlc jL_)l > (T) tl—Jl Jk Jif ^1 > 0 ) J 5 ^JI 

olJ Ic4c* <y**^ (Ull J>-^ iiiuO ^LiJ (T)j (t) Jvl5-iJl J 

: Ji O^aJl 

• cT'J- 9 ^ ^jUOil — T 
ojff - r 











4_*^f 4*^f ^ 4>*Id j\ O a I jf jJ&UsaJlj 

^^ijjAljl 1 A>%*3 A la«*>l^j ^j^«C >■_*C1 Aj^a^IaJI 

jCAJLlI jf j UW ^bi ^op g*bJl (£y *' ^ ' jI^aa cJ^b^NI y p 
{ jPy^ j*-aJI a>«i$ jf . La^AS^ L*p ^...^ bf Oj-^Jl ^b>N AjjllaU iS j^“L> 
cjJAm* v^aP ^jA >X »P ^^p4-aJI ^I^aJI ^ o^bjJl ^f ^j /3 .A« J l 

^ (j^kill Oj^aJl v—aJb^ ^aJI i>wi jf 4 j jJLII ^jAj . ctJjjLl 

i-^U a^ISc^NI olj^Vl of Jk^b ^Sj .J\^\ J1 ^U^l 

.j^r\ *yrj ^*Xp j* ^yu £>- Ulj^ j* J^I?f lyi i- i ku 


•j>^ 

— Y 

•j^ J &>-1 - r 

- t 


\ v r t 

£jj jLJ ^yiiVl Jai-lj t A-Jltll ^ i— aJf ^ *lj>-L 0LJ Jai-I I Ala^*>C« 


(Yf . T- ^) J£- 

cr-^b .^*1 £• a-^L&^Ij ijUOj^l jS'l^-Jl £» j---<ai jf 2? 0*3 


^-AJI \A> 

Ud! ^w. 

VY 

\ft- 





(Feedback) *. t^' Q 

^JJl JaaII ^j-wajJt ^£jb^£Ul iabiJl Aa«a>- j^l ^>- cj jju V 
iJbfc jf Uj^f jf {Jy* 1^ bik^N J3 b^Jj . oLUp JJnP cOJL^ 

tf s! j 

^jA j^ UaJ 1 ^ I Ia* 3^ b^*j LUUL, 

lUA Ji*j . t5jb*Jlj JiJl aJJau (Jj^aII j^il <j l a 4 .il l I j^> jjl^ill 
j 4 ^t-pjJLj . ^L-Vl i>*j4 (Sjjy 9 jjljJl 

V* 






t a! 4«i>/]^ Uaj 1 jlp- *iw^j ^ *.^vJ 1 of 

Vi J*S jf ( J &jC ^1 4la« ./>J frl^Al 4^*5 <J 4JU-P oU t £*Uj 

<—a Li^ 0^0 *-s{ 0^ li| ^rji of ejjJb V (jJ-iJl £*U 4^>-^j 

0iji>-Ul <j<ejA>j . eS^r£ A *^i tJL<aJNl {jA j^il *l^-f 

Lm<^ 1^-1 jl^^- ^jb^Aj ^Jl^P 0j)^««t>^ jW^ ***** jW^ 

ujibi> <j ipjj^ (Sensors) jUJLl^l olJb-j ^>j Ojjj-^iJ (jjj~*£JI) 
(Effectors) iJUiJl olJb-jJl> oMOip Oj4~*2J 4 j^it *lj>-I 

. (Variable resistance) iLfejJl iih£ oUjliC jiaJl *Uapfj 

J>*-> Ag L ftjJl oOA '^ypy J iJL>- %jy*0 ^Jjb ^Ul J^JLll J 

.(^^^^31) v^UM Ji*Ji J i»JL4 lx 

(Yi-Y-\) J£* 

^£)lj j_iJ I U . A » 


. Ujlill J — 1 

. J^l jUJL-w.Nl jlpr - T 

.Jj~ll jl*U _ r 

.jULw.Nl J ■-*p yl — i 



V^ 








J f is*" *j*y. 

^-wuJl ^Il ^JLJ Jb V Jlill iJlif <-Ua>-f 

JUjNI lift Jiy .Igjl J^IjJI *iyi J^L iS^I £tfcl *lj U lil cr i^LI 
. aJL^aj Ooj^i La 4«^lai ^ j*j£* k J I 4.JL^p of Up^JLP’ Uajf (£jjj*P 


oLLjJI <j jlp- 0^-j lil Nl ^*>L£Jl J ( j^ai :J l J l»XLw of Vj 

(Alpha olj-^Vt i—ojLwo frl^AI jloia ^jjj j!L# 

Ji ^Jl iiJjJlj ol^JcJL ^LaJU ^>-1 jLp-j motoneuron system) 

<j JaiuaJl jjJo Jl« (Gamma efferent system) <JpMj. 1I jl^JU l$J| 

^Ll of 3^ ilLjbj . frljAl JJUiJjf o^Ljjf {£j>-\ jf iliij 
^J-pj cO| 4 Jl ^LbL ^Lo of L^JL^j ^LaLI a Jilai 11 o^Lsa*JI JUu 
^ ijLa ]I oJla oJ^o Jij t^S'lj^Jl jlxJ J^o ^jiiy lJJ L* of 

. jlp- 4la.*ljj j*il *lj>-f li^L>- |Ob 

IJla <J 4Jji La otj O Jju of 4 j^ !*La 

. (Jl>*ll IJLA ^ 4JLP V—JL3 La j la lb (Jl^j ^ tJl ■».«>- 


— B 14, C 1, L8. 


VT 



4 aW .*)) L^JLp <jll?f 44 L 1 * jj^>- JlJta 

iS'^ . -55*>^L» <3^^! OLJJl <3 ilai Jpf UjjU>J'i/ iikdt 

oJjb ^JL>- Jij . jUtXljf 43>-llJl JLp jw' ll Jj4^ 

. ^yiJb^j ^yalafj <Sj^ 44 la.ilI fiJlA oL~JL) 1 J 4laiJl 

* 0x^1* ij* 4lf Xiaj (J^' lx* yyr of ^jj 

<2«X4»» ^Jj 4 La 4^^^ ^Lj| Xp 4lS* jLJLil <■ 4 * 4 ?) 4jf _ ^ 

jf <SS m ^*JaP ^>- jLJJl of Ja*j iJl^yfej .4^ ilai Jpf 

. X>-lj jLSLa j 4-3 a]oJU ( Jpf 0LaJUp eJU Jp Sll^Lif X>0 


(\-r.\) j5Lt 

JPb ob4 dial* — \ 

•H" 

ajjLXI ol5 ji~ I — T 

4,5.1a ‘A I 0 






43 jl 3 L» Of Ojs lj j-fliiL U UJI 4 la 3 *. 11 *1 j 4jf — Y 

1 . 1 d . ^1 jff l ^ Xj^J»P jf l^oil^jf 

oJjO oVjU- »OjP“ Jjj>* aJjU- (3 -[jc^l oJjt (jJ^Ui iS^“J 

U-it ^UoJl j±j*/a’\\ ^jJLqjcu^ ^j^IaII olj-sp Vi *1 c 1p ^^suj 1 ^- ^ii 
vlU: oVjU.ll «jl* j-*j * j^l (jlaj -Up oULJI JU~if Jj-bol ^j-SI 

: Ji ^ l^aiJoj (>) J 3 -jibV JLi Wr f 15 <^' 

l^ljlip- JS* <jUJU JU-j 4>- ^ .>** ki-3-LJl <jf 

jj-s^j (had) 4^j^aVl ijJUciVl <JU3l JjiaJ j^u JL>-lj ^y> v — JJa ^ 

^JLp-J A, % *»^ 1 Ijji«^3 oLJUl <mJ^£ 

4oJL^Jl oJlA jll>*l Jlij .(a) 5SjU*l JiX ^£Jlll (^ylO^Jl JajjJLlI 

0 * 

. L-J U— lj i^Uf I4J aS^I jV oliJIj 
oif- jkJI jup oLJJl Jic ^Jl (jj-na!I) oljlUVl j ^ jli>-l — Y 

^3jJ ^lxJa£ p-*-**j J-wy 4jil^PjJjiJl ojj^aJl 0 JL& Ja^uj aS^^- 1 
olgJJlj jUjll jUb tOj>»U“l ^Jpf Aiijal* ^jA 1^3 Ajj^aJl *LapVI 
*I^p 4 c/* W^!^i Uj (jClJLlIj OlJoVlj <wJLa!Ij j>-jJI siiU-l uiiUj 
*A*jp <-1jl I ^^ 31 0 L a) I j I j I 43 tali ^j\p I ta^»j . (j LJJI 

. (Jjj «/311 jp^li^ 4fT^j^l o*l^ ^jlal 11 

viiJjj tjciiJl frl jcj! j*1I (Jut Ua>- _ r 

lap- jt—*<jj ^LjVI IJLa l iy 4 jj 03 JjO Jaij J j^ll ^L*Jl ^Lij 

♦ ( 3 *1»*J (^jlp uj^***^ (3i j"*!! a 

.yuiJ; U/ii U 0) 

LADEFOGED, Peter, «Description of Tongue Shapes», in «Dynamic Aspects of 
Speech Production», edited by Sawashima and Cooper, University of Tokyo Press, 

1977. 
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(Y-r- >) 

Uki Ji~ll 
JS ^ U*J 

jjj*. jgia 142k 1^ o^> 1 ^ 


# * 

Jai-I Lj^j^P {j* Ua>- ^ A — t 

«—AiLi j eLgJJlj ^cllJl C^2lll ^ >■ eJA -Loj . A*^l l 

^Vl a^UI JA Uju ^ C.ULJI iiJLilj ol^Vlj iiUlj dJbM 
j*At J^jiai-l ojjL^ t-4-j p-U t i J5 J^J* jU? L £>- 
Jbj <la-^jj oULJI s y*~y*j jU^il jLJj ^jaJLU ^UVi *j^l 
tj i>t^\j aLJL> . JjLJI iiJiJlj ^JjLJI jL^Vlj 

.(^JaAlil) Ja>- Jljfj SjJLp ^ja Ja>- J5 AjI^ 

.(r-r- \ js^Ji >if) 

^-P ASj_>dl (jJpbil (Ju J-^2 j ^Jl J^jjaiLl ^P O^AjJjC c5j^^ — 0 

dlJSj . ^j^JUl ufrLJtj oLglll . jLJJl 

\j >*Jl I-La <Jp j^wUa ^/r 

^JlJi 0 J^“JA \J^L> Uli Aj ji yA *\ T tjA -UjiaiLl ( f ) 

Aj3 j £<a ^3 (Y)j (l)Uai-| Laf . 

(jUaiM ^j-Xa |y-^j ^Ipf iJlAj . L^JUp ^jaJLJI Vj^M 1 

J,UI J j-^lajj (jJl £• 

. <*]qj£a Js>j]a>- ljj+0 aJL^VI Jp^JaiLl 

^JUaJl vlLU ^iJL* Ju J^aJ (\*l) Jj (U) i?^kU (^) 

U-spj 3-b£ ^-*^1 ulS* Hj . uLJJl V jAj 

o\S lij . ol‘ JpjJaiLl cJla jli c(a) a^j^-1 aJU- oLJU UjU 
. Lm^ 5 cLUi5 Ji£ J?jiai-I dJjb 4 jL^» oU L^*»ji Jlc cLb^*l 


VO 




dj& jf J 3 l m OJLi-l i—iJL* ^|5wi jf Ja>-^jj IJa 

, 4jl^3i AltA j >X »P l ^ W*P Ijjlj ^ M>P <wJUl I 

utiLJ lj olfUl fj-J ♦) j(^) j(A) J^jksU (^) 

Ljil-/*" d....>o Cmj Jij . iSj>JLl o%tf l^j 

.(H) J1 (U) ^ ^lyVl ^ <^111 :>U3 j 

4jL^> ^1-t.C {J**^ {J* Oj^j ^ d*>*>^y I 4,*^(p LjJ I 

(^) <j* ^d^t“ <.$"** L) Ja>-j (^) (^) £jA 

: jL U Ja. (%) Jl 

(^jJbJl 43^i*j tviJlill r ^All ^Jpf <J jt«^Ll <jLJ SJLpU j-flaJ — Vjt 

. ^J 1 ^ JL^*^«3 4^4j Uf . ^j«»fc4l^*l 3 

oUajM o\S llj jUDl J-Swi jujl^- 4j ^ >c J I ol^ 11 — LJli 

4 uL-JJl *Sj>- ^jp otiLii~* ujfcdl tjSj>- o^tex (\ A) j (\ V) 

. oLiJl J5Li JbJL^ JLp jLipNI J J^\>-Jb N jdai-i ^ oa jli 

4jJj1>wVI j (a) iS j^\ 3 ^*^ o^p j-qJJ \^j 

oLjJJlj ^j_jJLJI o j>“3® c-iJLi-l {j* ^qJLI j. <S 

^o cJj£j . LixJl aaJLIIj jL-^Vlj 4iUlj v^JUaJl cjLlJIj j >-jJl 4 _a5-JIj 
oUdl oJLpUj jt«^il oU 1^3 be ^j-*JLJl is>-LJl 

. ^JjLJI AjjjJlj 43 jt9j aIaJLLoj 4 ] x**jj 

3 ^ oip 43p OjHk*,** ^JUl ^a U3^*^ \£ Ijla q L JL! t 

. (had) J (a) ^ k~*j> iS yL 

^Jl j>J?T 4jL ji? Jjf <ijiaj j-oJkt 1 JL$3 j 

3^3 juOj 3 ^oLaf ^-^3 v jA ol~*LH c3z5l 

4_j 0 j^j L.u^ IJa o5j. 4 j^L«VI jIjaL 

.oliJL ( jsai IJla ^ 3ki ^Jl ol5>l 




. *^Pf**' ^* Jt J (_Jp oAC’L-AI ^j>«1 Jaill Jai^-i J 


(t-r-\) Jti 

. O'lS'^J~l jkJl JUP <aL>J 1 jUJJl ^J>\y Jb0p%j ypl 4*1 jb 


<■ a \>+ £ - Aj ^*LJL (j£jLjc« (3“^^ L^i llj 

•XS' JUp Jj^l ^*.11 ^LJ Ja.^^a U>-f -Ujj i <Zj \£I 

^Jl jJLp aJUJLII ^Li dJLlij (had) j (a) a£ jji-L (jJaJl 

A la tf» A^lii-| A ^^j L I ^Uil . ^vs ^UU j^JlI 

0«i-A «-Up (Jfj} «411 J^4-Il Jxm^LC lJLf*J 

aVi ^.jJi ^Lpfj . 1 A***jJl> JaiJl 

^4 APj^oJP JlP La L.^ y* Jj *Sj^\ eJLA JL>-lj V 

. (o _ ^ - ^ J^-i). c$^j»JL^ui J AJbr Laj-ip! a 


JiLl (jU5w» ^jj ^^>-Vl ol5Jp oUu-Ji oi^> ^ 

(j L .—l. l l ^s^jJ djj+,0 J5 <3 ^ 


vv 




c li ^2 of {jy** 1^0 • (0 aS^j>«JJ Icc^O ■ <_jJaJl ■ iV P a!£ 

a> Ojli oir^JL) L-iji L.U. (V-r- ^ j£-iJl v-Jl^Jl jjil 
(J ^Lill IJL& J^jc-oI 4jf ]a^-'^kjj . a*JL)I ol5^>- ^ a £^ SjV ^>-1 ^»f 

J£JL l$J Jaii»l jJl Aj-.jjdl |*JjcJI A~Lp J 'i/ AaJjJI v!>U>*jVUI jty I 

I-A )- •^« t i ; i _ S i-l Ajtkd JJljJli A>*^31 ^jjl l*....l I 

. (A Course in Phonetics) 



(_j fji» jjS’ill ol£.b.L*£ l yt of -by 

JLp a_-£j-*VI ijj-UfciVl (j (u:,u,o.c,a,a,e,e,I,i) j_JL*Jl olS^J-l 


SJS3I <J oi^Ll *Sj^\ lAltfj . 4jJ^jll ^jA 4-jji 4JL~J> uL^ti (u) J^jJl iJLf 

(J Jp-y viiL5 aLjJ? aa~J> 55 ^ <j J-wb («) Ut . J. jJi\ jkJl (good) 

.^ jkJli (boot) iJL S 


VA 





j>%^\ Jp dUij . i*Jl ju&LU ^jLipL i~<jU ^Ui-iVl 

:jVl 

^Jp {Sjr^ -^LiJL J>laJl ^UwiVl ^ ^JLU — \ 

jj^aJl <3 LgJLiCLrfl ^jJl iijJall . oj^S^Jlt 

^1 <uJ^Jl <J iS' j>- (jlaJ 4~*J L ^j^p (a) iJL>- <3 

.l$J -i>-y 

J ^j—•■*j—^ (<0 ' * '* ' ' Jj *&i \ j —Jl (J2H — V 

(3 4^1p 3 (.S*Jl <J[j-^Jl j*Jlj ( ^jaicl l Jai-I) (0 _ Y - ^ 

iSj>- ^ ^laJ ^LiL ctilij 4*^ji-l {j* ^ -Up Jl t* 3^ 

4 ....*, IL o ijJLp O—Jl JajJl ^lujt olla«<^l4 lJL^-j 0 ^jp 
£-Jjj ^yr-ij-^Ji J^JtJl ^UjL aLuVl oJla jjlij . 

Jjj^-I li-A 3i \ c? ij . ilU- J5 J (Jj-^aJl jaII ^L-Jl (J i}yS\ cjw 
^Jl Aj^LlC o^JLp AlwJl L «11 JLP jJll 

. U ^>- ^jlaJ jup j^llj (a) i£j>JJ ^^ij*Jl 
3j*^ iSL^l ^ J^Jaf oUl JU-I (J Ja^laiM jt — r 

J lS^ lc^ (“) IA j-s^t L^sa w jj (+) iOLJL <jjiki 

. J >^-l 

4-—JL ojJLJl olSjJ-l ^ J5 j (^yaiUlj jUI^JL) <JjjiJl — t 

jP*i ^3 l ^»; AlJ 1 Iflfl JJ 

3^ ^jlai -Up ^^jJIj ^>-i^4Jl JULII Oy t3>U 'jhiiC * 

. ((Jyca J jA J ij-JL V iiJL! i-^-JL) ^>- 


v^\ 



jL-Ul Jo 


Ja&Jl 

-Ul Jp 

i 

JS 1 J jLiJl 

t$kJ Jjt £• iJaii 
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til 

J jLiJl 
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^iaJaj Ji' JUu j\Jaa 
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i J(Jp oUuIaJ 

. (r- > - >) J^JLM J JaJaJL _ U1iaiJl (i) ^wV» ^ 

(jlaJlj (V - T* - \) (J ^ aJLUII 4 la all! «Uaij J ju t jw (t tl ) <JLJl — Y 

■ • j* 0) *& 

jiaJlj (f_f_ \) JSLiJl j li iLUll iLaJl jp iUil J5 Jl*j Jw (t j2 ) JUl _ f 

.S r jU (i) 

. siJLJ-l jf ^jaLJI ^ U» JjUII *ji.| jjp ^laSi J5 jl*j <jw (iij) i^jJl _ i 

.JU-illL La iLucJil ^Ull _ ^; oUfc^ 

. jUUl J[ pALlI Jjli* j* ^ Jpf J1 jA*-t ja to-j JaiJl p-5jJ — Y 
.oULii > &* ^i o*i V i^V (\A)j (W> jLksJi cJ>f- r 
jUUl Jp J&oJt sJlA £L<*jf Jw (5-jJl (t-T-^) J^LJl 4-*b' 5 — t 

.guj y,f (0 ^>ii jkJi xp 


A * 












<o.r-\) 

XP jUD J*iJI J* Jail JiXj OUU ^UJI ^1 ^kiil JaiLl Jix 

J\kil jit Jpjlail Jwj .(heed) <*iS j (i) Sj—£)I j <jiaJl 

. ^Jaill Jail <lijC (a) aSj>JL 3 p.Mtf^Jl (jl.il.il I^ZjjLajC lLUjj jXp A i wJl 

O^la-a l^la.^ljj oUUa?-[ <-1 IJU* Jjy jam *I 

ci 1 Ujfj *Jij . *£j >- ^ ^^i.1 

.JLtJJ IJU 



0) 4i*U Jii4l 

JaLj JUPI j^>- jJ a Jb Jb>- iiji? oUgl^Jl Jjljf j 

iijjJaJl Jp oL^iaJl eJlfe Ojbul JLij . viU-l i ajL~j ^JLaJI 

jUJI ^jA ji i lLL^-! uAA<i*< ajJlJLiiJI 

JLp eJbO j i~A Jic 4 J JbOj <Jp j^oZAj Nj 4 L» 0jL*j (jlaJl *Lif 

\ jiaJl 

J[ — jJl j iijjaJl ^LjIj <ui jia.^a> US' ^J-Ul C^3 jJI jj 

Ji*— JbOj Uj-^ 3 J ^ dJLbi-l e-iL^ £4 oLJJl 1^3 *V J^Ujf jLl>»l 

C-jI£ |^4 ( jlaj J jUDl ol£^>- 0 Jb JbLl idjjJaJl 0 Jl^- LiU _gUt# 

iJl yA lr*^J i^iLiJl ^Jp L) ^JbL (jV ^iJUSj . 4 J 4j>j£ 1I Olj-s^Vl 
^»4 (1)L»*»L 1 1 <LmJLmJ I ^|p g ^^Op ^^L*0) 4^*1^ ^1*9 4 AjjL JST ^ 

4 ^* 3 UcJ o^v<? aI^ 4 <Lbr 4 La>j>T j pJll (Jj. SjLjJi Jjf j (jwJl 

# 

Jjt ^ JbOjJl Oja^JD o^ J bO IjjaP ^jJLa-3 La Jbu 

oULl aJLSJI ii jaa ^jA Lj^jc Lr 4 <>-Lj| <j ^Ja^* <laJ- 

. I ^ (J^j O^all ^Uj JLp 

^pIisaJI 4—a4a*J I U* Oyj^ Lr* O^^bj 

^Jp ^pLa^JI ^A w J i iSj* • JLJI 

. O^-Jl ^^Jp jaJI oJl>-jj jLJI 


S. KIRITANI, K. KAKITA, and S. SHIBATA, «Dynamic Palatography» in : ^ (>) 

Dyn. Asp, of Sp, Prod. 


AY 




JSLt 

yJl iilij jJhA-l V XL* 

:>^JI UU (t ) 

J JLu- > J <j cSj^-j 4 jfljj J t £^Uall ^ ia^-!Ai 

. dbU uu>^ <j <J iLlill ^»ljJl jLJJl 1 *Xp ^\../2* ^ e-^Jitj . l|- <l.^a i * lLL^I 

: ^pLuaJI V, .aa.JIj iJj(*T I ) 

v jJL-Jl c. 5? ,t:l jULL>- — « .(Detector) c-i-ilS' _ \ 

.^jLu-jJl ^> j } j Jl — t .(Resistors) oUjU* — Y 

■ Mi — V • >- « ■ « ■■ * f 

. utiLJI ^.—>- — A . ot*^Ui — t 

• c^04^ — 5 


At 















.(juJb-jJl (jul* ^y> ^ iijjiai La 


\ s. '&~S\ Q 

s 

l-aIL* ^->0“ oV vilJij t4j ^y>\>- ^pL*^ i-a J L* J53 
^ Jj ^3 4JLP a L^ oLa^VIj lLL^I 

l « Xft <■ dd.i*> ^J*JT ^ Ai4.y31 4PL*^ ^*^4 

^SLJlI oU tOj^Ul olj^Vb j£> 0^ lili tOlj^Vl <j 

$ y* JU* OwL)L^ {_y^ I fII iyj^ I £m*mt^ 

j of ^j^jC \ j h^«L7 0 j^iJ 4 oijJb <> JU£U J5Li ^P oLa> t$X*l>- 
. obJaJl <J y£*~j of Ll*Jl ob^bU (j^t L.-»>«jj ^L-J c3 j*J |*-^ill p-i 
l^n^j |*j t ^^iaJl ^ LilS^ Aj 4 ^ oLaIIj ^jJbJl ^laJu j 

^ a "**' j-n^>Ojj 5La!I <j ob^Vl vl**>u 4^3 <J 

JbJLi ^ISo-L <t«3 JU$! ^a y^JHajj . i^JLflil dJU-l i— aa^j oJjllI 

°jIaJ ^jiJl J^“b SJLSlli <jp Jajc^aJl 
l_a£ ^>* iiIjiJj ^a!I ^ oJjlil pi . cJLaI I i— aaaJI J5Lio 

oJjtjJl ^LaJI (JljJ ULa jl*j ,Cwmj Ji viLLl i_ aaa*» Oj^> IJL^j 

v1 LJtAwJ 4JL> 4 o i)A1 11 0^^*3 . OL^>^1I 01 

. twJLail 


4j ^JUl ^^JsJl dLi*/)Ul 4^L»^/I ojj^aJl Lf 

La^S**x» 1 4,a*Ja] I oOa 4 4> i/3.« ! I 

: JjaJIj J^^Jl aaJp * 

4«.aL) OJLfld (J^JJJ — OLJJl 4^>- r^a — lLLj-a^^LJI aaJ? kl- 

^ , f 

i$J^! j C». ; .tjj , L*»fj *\T Ia^JLPj <wJfcJiJi ^ y olki^ jL-aaII jj^Ij 

Ai 



i LaJ <U-bjJ oUaJca ^nfj LiJLi-l L-dJLJ 4-^>“ll^ll ^5y-Vl 

a! ^ jJl ^j^fjJl JiCj . |^jsJI J ^pI«.,<? 11 i_4JLmJI ^j^*jc vib^i •«— 

LjJUa-C J-^o . (Common electrode) iS^iJilt 
£--*> i}*0yj • JibJl O^JaJL ^tjJl e-i* j IJUj (Micro-volt) 

. jLJl jjj* *AiP «■ ^Jaj I 4-iLi J li ihli* ^jjLs^-C ^j^jjjJl 



:^yj| i^U * 

^La* ljjf (Jr - * lc^ V:J (\ - t - \) J ^rf^J 

L*-UP ^l w3 /a e-^Juj . dU-l c jliL* J 4 J jJ?L* \^A 

.aJ Jilsll ^1 uUJi 

:jl^t >* * 

J 4^3l lx> " aIj ■ *t l^j *■ _ jJlSolI ^3 l« 11 ( JtAwJI 

i ^jJUj>-I lj* -i>-tj Ll*Jl I 

jJ_^aII ^4 jLJI ., <^2 ^Ai cLLjJ-I v— aAm< jLllI Jbu I Sfjf 

oLJJl N ojjjJl oV <iUij Ji 

. JS\ j\ JcAj ^ 

jLJl i£j~i Laj y* jsl jf *^-lj ^ jLJLII ^j^hj ; Ljli 

^Ij^f ii Jl Jiuj <i 4 j oLJJl I^wo^Aj ^Jl — ^jj jJl jf — ^Jl J^b>- 
















A 1*31 *i I ILt ^. i y M 1 1 ,^\ 1 v iaJi ois - dj . V, JUaJI i-4d« JI l ^u»j 

iSQaJl jJUajC aJL^aJJaII aa-3jJI oJla dJlS* lij c aJ aJL^^UlI oJaII 4_LijJl 

jLJLII l$««.Qb ^Jl jLJi Sjj^ oli 

* * 

jLJl ^ ^^«/a«ll aL.^I jjj . LJLj^S" IjLo 

*i ^aJI iALi <j aJ Joliill ^L^il Jj oL-Ul a^a^L ^JJI ^j^tjJl 
^tAwJ I ^jA d)LwAJi I a 4la AI aI 1 */?l 1 ^ I 

. ^)&S\ xs> i—JLaJl 

aJU _ iS^ J5 jLi dUi J l^Li _ o-jJx* jUUl a5jp- cJl5 lij 

bili JbJbj o^loljf ^jjjJIj aJU aiJl aJU-p J,ljiJ 5S^J-I oJu J,lyj 

* 

iJ^Jl fy vi->« jl^l l».» .^> Jij . v ilJJ <c_«^L» <_£Juj ol—ill a5^>- 

. iJiiJi j u*- nr Jl 

:l**i>j gfcJl * 

JU * . T .*I i_a# yj i —jtijpj i ju pj (Jr* - c^dli jLfi-l (J^®’ of (_ 5 t; 0 Jl 

Jjj JJt3 l-iij . A—<^>dl OJj ^Jp 0aJJjU Oj£j of (_j*i iJbfcj . jljJL.| 
OiJij ^J. > ^— ~ . l 1 4-b>-j l^j aJJjU (j j t(jii^>’f jl^JM 

OJJij ^iaJl oJj>-jj 14JLJl^- A-j ^ (^oJl C-ijJl (J Oj^aJl /^jC ( ^>- 
. Jjj Jp AP_*i*» A-illll Jp A»la^ll j£j: 

(_} : ■ ?* ■ " ■ ’ jf^ - Jjj^aJl J ; - *! .. tI I ^Sj : (jj.^Jl < J i .->«i,,*.) I _ Sljf 

: aJ^I o^U^ljll Oj^j <^jIp 

. jliji : ol jIaJI ^jlc- ^ 

. (Wow and flutter) Jif jf / « ,V APj-Jl J jOdl _ Y 

Jif jf nt I J1 iJL.^1 _ r 

. (Signal and noise ratio) 



SJliJl (j l> jji \ ^ o « oLJbiiJ JiVl jJ-l — t 

^.4.^*0 t* ! (jy Iji — o 

. o L u ^ 1 j+m — 

Jj jl^>- (j oLL^Ijll oJL* ^ c)f cil 

<y of jj5 05 Jj ti-iLUl J* _^iaJ jJl Jp jJji 

JUjCL^I oV JU^Sjti ^^lajco Jajj-i (J^ of 

. iiLill iSJ^ jj-^aJl Jil ^ N ia^jJLJl 



( r.t.\) 

. p-L£0l pi j oJj yhj ^pLwaJl ui)LJl _ ^ 


. s ri . J l j If UjJLpj aJj— T 

• OL^-I »■■ aJLm L^lj If iOLi (J _ T 

.^{L^ilj jlw<Vl j_^Jl ^jJjJI uy. O i l . ni l — t 

.^jm\ j-iVlj v aL Ji CJL» ^JLJl oLLiU _ 0 


AV 






j *—#\j ^Zj j>\ jl$>- ^ry m jl$>- Jb 

^|^mJ| 9 (Adaptor) *ApL***j Vh&LmJI 

. 0«1 a ^li)l 



w-I 

— j.>...:.ii 1 r n 

1 , , 

- £}«— 11 *> 1*1 | *j 1 

;bi = J | © j 

1 _I 

(t-t-t) JSLl 

. — t 

. Oy Li jS jj>«—- — r 

. £jUaJl — t 


SLaJL J5 Jus^alJ ji 1 jt j 

£ 

JJLjj jU^jf ^jVl SlliJl jf \^ Jt jl$>- (J li iLlSil 

JiJ JjVl obill Jp jL$JH J>1 

oL5 oljLiJ JpjJai-l 

ejL*Jl ^ oy£ <*!*->■ tijIllJl I jLj^- sU ^Jl oil! I Ja^jJl 

i-iL^SCJl oljLiNl JjfcSj SjUJl ^»..J JajjJiJi 5jb| -Upj . LJj^ 41>t... ll 


AA 









Jail! iLlilt jj+ai\ jlpi\ J\ Ji iJlill oLiJl <Jp lUwlI 

. 5 J»Ll!l ^ 

: £jUaJl * 

i*****^! _? • 1^*11 (3 ^Jlo sj^jJ I o 1 a 

J1 ' cr 4 4, ^- p J — t 3 jj 

<3 *JaJljf Lr^? lc^ £7^ cr^*-! — Oi*- 4 jj J**-* 

1 <Uk 3 iiiLiJl jj-^Jl Ajjj ^jlail aJL*-P <w^>t .jj^a )1 ^LJ| 

. Ulj-w- (Jji Laj^Ul jj./gll jlp-l 

. £kilA Ja>* <Ux**l^ Jjl—!l JiwJl j j^Jaj \^ ^jUiJIj jJl 

'. VwJwaJ\ wiuuJA ^*\ j\^\ ^WiCLmA oViV&A □ 

. J>j-*o)l <^>*Jl jj J U*A 

: (jVt ^>cJl ( Jp JUxu ^ l ^ (t ) 

. j*Jk>V| JbikiJ ^pljU^ <- 4 ^ «-w ^4j — \ 

. ((^^)) O j^J l) ^ la ■ 4*«3 (3 ^pl*»/jl! t-iiwJl ^jjdl ^j/?2 — Y 

^jjdl jLi^-j . <*iiil-l i—iiLw OUUl JUajI Atflal oJxu jj-^ j^iajj 
.iijj 3^ ^JaJj tip* iJlia ajj-s^ 

4 jLJ v-.Uajj 4 -«J 3 A> ^pLwaJl <wiL-Jl 3*^l! ^ 

^Ijipt JjLw IJla v^ijjoj <. (j-^j* a 1I ^jlaj ^jj- ^) ilibr 

JLp oIpVI <0 v Uaj <±US JiJaJl . iL./x it ^Uail ^Ufj 

^jOll ^jJa-> ajj)«4* l^jUJ d^lail ojJ jkwJ 4y _ l La-Upj . tlaiLl 

. L^^IpI Jp c-ujJlUj 

sj^NLl-l jj) <><3 ! 1 ^JuJ| 4^5 u^pjil ^ 1 a 

. ^iLJ“i j twill ftlsjl IjJ ^ ^Jl 



; 4*!J JUxUhI (^) 

! A-jVI ^ ^jt)l ^ jLJJl JbJL^* JLpL-j 

lili .UUM ol5>lj i^ljJl »>• lop lesi otf>l ^ _ l 

IJU jli 4 i-a—*ljJl oL£j—A-l 0*3 Lj jf A^JJiM olS^i-l (JQaJLdJ 
aJLa 3£ If 4^t»Vl ^[jf (JpVI jLJJl aSS jjjp^L 
dJLJ ^JlII ju>-LU a^jJL j£ oJLili jt$>JL)j . 

Aif <^.■■.■ > • olS'4 dial* a5^-1 (Jp ^^>«jC 4-*^“ J 

, La^3 ^ Ikb*^’ Q LwJO 1 ^m>^9^A t 1 -^I dtf«« ^£oC 

.viJUI! iJLJaJ ilt«f \ ca i 

LSIlj AjjlUl olj-^Vl uih^ ^jJaj jlp jLJJl JuJ l^- T 

^J-C jLJJl ja ^j 2 ^*>-Vl jjbPjJ c»J Lj . *^>-jJl^ aJl^JIj 
jl^J-l ^j l a: >«« j i Nj . v J5 * J l jJI aJLaJI 

. Aj^>* jJ-lj A^yJJlj AjjXjJlj Aj^jJUl Olj-^Vl (J jLJJl Jb-l£ 

olS”^>- o*»l5 tlj.^ LA ojjl>Jl olj-s^Vlj olj-^Vl jJt ^gJLa jL _ f 
L^jaLJIj ajjxJJI olj-^Vl JUaj <j N l^f lilt 

^J • ^-^Ij <Jp Ljj^"f ^jLxJ ^iU 

jj^J jf U^i>-I Jij . l^Jaif ^ Lj^s^ll A>fc^JUlj *jaa )I Ljj-Jl ^j^a ojL£ 
eJJ iiUNljJ . l^vfl J^J j}\ (j* ^JLP ^jf jj iLjt o!5J^i-I 
JjLaJ^jjl ^Aj A^waJl V I 4 I <LaLeVl Ajj^all aS j^-\ U j^-\ A ijJ*. ll cL^Ul Ol5j^Ll 
Vi I 4 J aJJJ-I a5^J-Ij ((Jud <3 a>»J u^j ajlS'LJI ^Lfl j 

. ( ( pj» Jia j i>«J Jby L5LJI jljJU L5 >waJl cl aLUH ajj-^H <j iL-jJl 

c«1V jr^L- jpj aS' jX -I jf o^/ULl oJLa J L^pIj Jij 

ULij . jU-l ol^l J aS'^ i^ jf AiUaJl jf jLJJl c.^1 j£\ jtJl 

• cf 4 l5 j-Li ojju a5“1 Ifc* jl>- y» oLL U1 



J */ bi: W i/ irV / & / ba: ^ I I «-» / £l» 

./bu: 9 / £ji j c/be: ^ ^ V 

iilliJl l»f t oliJlj ^JjO <uA£Jlj 

e^l-A Jp Jsl>-^\jj . jdjdJl 3 4a laP AajIjJIj O^aJI 3 ((^Lj)) 

• J^d L* 

- ' 

oli cT^J • <J oUUl Ja^-Uj N 55*a>*iaJI jf cJj jaII 

'Jt .L V oLJJl of £* j*iJI JjL*f (J J^i oL-JUl 

. olu-*Vl ^ja ( j^* oL Nj <—ajl~h *\j>-\ {ja aj>- 

lliki J^SsJj . 4a^I jjl i^UVl AjjLaII aS^ {j* 4_jL^jJI I 

iSjl~\ <jA Ujj-^ 4S>I ^ Ip^J Jlc (jA lc^ ^ kill 

*UL> jiaJl aJLj Jlc J-Aj 4*1 pjj 4p—jJl of ia^-% <JUw>- 4 AjjLaII 
frliJl ^jw _ ((^L)) <uJL$sJ {J j+&}\ Jaj jjJl Lb ^ _ 

itlij^^JI L^fj oli IJLij. LUil j>-L oLJLII j— jVi 

(-il (®) a j<Jp p^jJl ci IJL* ^jlajj • frliJNi t JLA fr Upf 

(*l) ld.p- a-LSlJ'yi Idfc jaZ +j* I oi^. jL-j 

Jy jL-Jl Jl OyjJb Jic jUai (\V) Jl (V) ja 

*UJNl jUrf? ^ . *)LAj ^aJj! jlS oLJJl 5 y>-y* J Vl of <Jp JJb 
^f ojaJIj jlaJl J^p ^-UjI (M)j (\A) jvwjJl (J 4 J 2 J 2 J jlOJLf 

-Up (^ ^j ODdS' j ' 

# 

O^-Jl aJL i- blJUlM>l J fjb Ulft JUj . oyJb oJaJl 

. 3^*1 


\\ 




(«-*-') JSLi 

k^Iji ^aJI j]b .Lit dL. J -1 v aS.wi jULlI ju g-j U 














;<j $j \£ SjikJi 6Jlij 

oL«JLll ii^ LJ^i LjA-i iJ y+p frLJt OjLS^ 11 
*Ul < 3121)1 <jf cT"^ —i 0 p-**»jJl) 3 ^' *IJfrl OlP 4 JJ 3 4JL./1.* 

£• 0 *> 0 j£ *Ul)Nl {j* jJLill IJla oV tiS^i-L jkJl c-*>-L^ JLi 

^ij fj 4^*1aJIj aUL <3laJl (3^ 4 <3'*’*-* 

• CJjJl 

<J) OyJLj <3lai)l 4-Jb ^3>- j-s^Vl £* jLJDl >u-i Jij 

IJL^j J ^iJl Lb (t ^) ^jJl . (iJLSOl ^>J 

. oo^SLJl jlip u&Jl <Jp oULSl <j\Ji2j\ J^i) 5*13^11 <J 


<^Ji Ol^-^Vl J^1? 43jjca <J oJLa fj^4j lOA 

. oil)I <J j Jjajc oV cLUAj .<ui£)l IfU 0 

oLmAJI jlj 0 - 3 ^Ji ^*jjj <3 ifllfri 03 a^sXaII^ frLJl *^S of Llk^^/ 
oU (T *) ^1 JiO)^! ja ^\ Ji OJbLl UuL* >31 ^uVl yJUrl 
Jj-i> jfj L><L>IJ -j- (3? iJlill ^ jl5 Ji J j& jf ^hj IJl* 

1 1 ^jl^d 1* L^f “" (^f ( ^) C-il (^ * ) j*"**3^ O’ - *^5 

• 40 U 


^* > Lj <j<^** 1 L^ ol* loA^j IfU *-L)i L*f 

^jA 015 ojj cLi^-l 1—fliL* of <3^? Vj t <AJ j+rt 4*X*-PjAj 

. La IA ^jj ( 3 j^*f ( 3 ^^! <3^*"^ 




o-l-l) JSLi 


( bi: E if t rV) s i^ 1 tj ^ J*» — £* 


u 











:(i^l j*H I >5)/bi:9 tT V / - * 

<1)1^ Oaj ^ 03 Aj ^L« 11 <l)f Lilli lO^- 4-^liM J $ L> 

<jc*Jlj oL IJlAj tJJLA-1 uaiL* Jp UJ a i4 e^bif oLJUl 

^J\ JA *\Xj\j .(i)fij ^jJl J>- (')^J 0^ 

(^f i AAwJl <— A» j 3m*.*.A 4 A L«.C 4j1 ^ 

jJj . i_aL*JI ^ oUUl ^LcjL S/jf jJtj ot ^iy>i ^£-11 a^» «^SLJl aaLiIL 
{£jA+jt <!*> <h*P l^-V *Ul ^UJ of ^j^-C ^ <—Ai**Jl (jf (jf 

J ^j^jJl o j ^ L > ^oJl co^^aJl oL I JlA^ . o LwJLl l aaLjJ a3^p V 

JL>* Jp a)L* 1I ^\P e*^Jl jf (i:) iLjJaJl AAwaJl o a<JL^]I oOjb 

# 

^jp L^jJJ ^loNl J Jl>-f jj oLJJl O^L of ^jJl U^J • ^/wcJl 
^ *|JH>1 aS^J-I oJ^- jJaJLJ ajw?j J j£u*>l Ji oLJLII ofj tcLlli-1 u aJ L * 
J Wrj*-^ A>-f (Y*®) j (NA) j^o 

^ybj OyJL (jJaJ *lliVl eJlA Jj . O^SLJl aJLjJ IJLfrC O-U-l uliL * ^jP 

^LaIjI ^ j-^Lj U oli JULj t oLJLil aS' j >- Ai (jJaJi llal j 'V 0^3 

^lol AaLoP ^-jOJ \£y** tOyJL jkJi *Ljf cA4**Jl ^jP <l)LJJl 

. o^^mJD l jo a c lLLl^I ^p oLJJ 1 

oj^yP p-jf J j ^L«^ aS j^L> ^LJl oip utAwJP AxOJL olJL H L°f 

(fo) Jl jJj . (to) JI (\A) ^ fL^^' J 

^ aJj^jJI jA~>*j*j. ^yrjLLl IJ ^jjj^ 1 A ^al I ^jj J ' 

^jiJl (J V l^U j— jVI <wJli-l l«f . aJL ^iJI J ^ pj tAjL (^oJi J 1 
Iopj . aJj (^-Ul J o>-Ijj aJL ^JlJI J a*j jfj c aJL (^JUl J Ai^j 
a^oJL uf . ^j-^Vl <wJLi-l LpliJjl J5*f oLmJJI ^ iw-jJ-l of 
l*JW:^Jl p^l of 0^L>-oU^cJcL VL J^iJl jSUJ S5>l J>J 

.-oWl J jJl ^Jp 0jL fc ^f Y ^ c>.*l; oi 

nr * " 





— ij-ail j 


(V- t - \) JSLi 

ijcU^JI j (1: tr lt ) ^( j j ) jJ-lj jWl -Up jl—Ul ^!>j jw iijlo 

.(jO-a.) g>j (jJ Jo) £, 

p»j)l j UX <i>*Jl 


**\ 






j-UoUJ JAall jO^all) (be: ) ^*-» £s( — f 

: *UI j j *UI ^cAj 

(*\) ^jA jj *&Jl J vibi-l Vi jUJl JLaJV aJLsI^JI ojj^il Jl*ij 
4Alai4 l*t . LjjiJ iJli via;jf *\r/t* ulS" jlS iS^^-l jf (Y^) J1 
JjLJ 4 JaA> vIj^j J <lJL^I uU m» ^a jUJi ^li 

gj J Jl ^ c5-^' J Ui^'j cT^* 

^ (Jwtj a-L ^JlSI J ^ vl^^Jj v jli-l J aL ^4 Jaii 

41.^2.11 Oj^JU i^ULl ®-i* iijliXj v4Jj ^JJt J ji—Vi 

J * /2 *> I JaaJl XjJ il~»- V ^ I {^jA^ l * /2 j 

4Jli vlJL) vl>^l!l cAS j^-l JJk L«f . dLjLl c-aJL^j jL-VL jUJl I 4 J 
. iJLjiaJl 6 ^saj a^jJU iJli y v(( - $) ^j^J 4>«iaD 4 .. 1 JL 

:(^jiJl ^ Id iP ^Jl) £* * fc 
t-\y>J ^jA jLJUl V iail!I IJ^ ^jlaJl JLp 

oUi^/l <^£->11 {j* lif-j . 4jil>- SJJ-I jV vliJjj jL^Vl jf 




(A-t-') 

(Hard v JL^aJtj (Soft paJate) j?* »-i a —» > aJIaJIj jL-JLlI oliTI J^ 

a-JU -j jULlI sJ )fi »UJl i j*<aL\ ^Lo)L jkJi JjJij .palate) 

dLJ-l wui&wJ ^>*JiI oJLa c...».> -i-j^ . 4ll)tj jU.■«*VIj 

amI> _ ^bVl y& ol(Electropalatograph) 




B 21, E 3, E 4, F 30, F 31, F 32, H 4, H 5, H 6, K 17, K 21, K 22, M 5, M 10, M 11, 
M 12, M 13, M 14, R 3, R 4, S 10, S 11, T 2, W 9, Y 1, Y 2. 















ft 


(V) 



-■ > L« ilbuill J^aljjJl oLilS'l i-l* olS' 

oij <J j^a jiS'f jiaj (Co-articulation) (T) oljkJl 

^AjLs< 2->0 Aia-Jj^a il>y A^jJJ JjaljjJl oJlA ColS* li| U uiLilfTlj 

Jij .(Phonological) JL) £*aa£AjjjJ l^f jl jiaJl i^lSLl 

cLL-i^-1 j— j jfr—Mai) 1 jl,^.>- ^ 0L>-lJl 

aJ!)L> ^*aj jlp-j (Electropalatograph) 

^^pjl !l 4 j^L>w>Ni ox^JLlI ^ja <cu ji a^%A ^JlScj (jj^Jl>«jl ^^aL>wi[ 

( ^ ) yj^. )*j JlSj JUJL3I i>J> j^a ajLa^ i~l ^a (Received English) 
viJLJlj (*^) ja ^3L aJ y*jj (Midland) IJa-^j j^a ^^JL>ul ^jLJlj 

• (£) aJ j^jj J-^Vl JLr^ 

cA*i£!l ( j^>a Ajpj-oj^- ^Jl AjjjJJl olil Laf 

^jC+dS ^yi l^a J5 0OljLJl ^>-1 AjP^^-^-J Ojjii! 

A^^L>«jNI Aj^J l>oN1 L/j J^aJl jjL>*Jl Q->^/ L »I>-l 

£jijJlj(+C) i^Laf a5j->“ -Uj ^jijJl La* {jjiyj? j& <j (p.t.k.) 

Lfr* JaJLa ^ oli ojilil oLJL£Jl cJl5 Jij . (-"C) iJJU- a5-Uj 
^ JjVi £-kiLl jjp 1^*3 j-Jl jl5 JL5i ( JwjL5 J^a AjiJjil oIjLjJI Laf . JjVl 

.iJlJjl iJLSLJl 

; La jj L (^) 

— An Instrumental Investigation of Co-articulation in Stop Consonants, by 
W.J. HARDCASTLE and P.J. ROACH, Amsterdam Studies, Vol. IV, 1979. 

. jkJl >U ^ U* f U^l (T) 


\\ 



JS ut/, c-Jj olj LJIj olJLSGL <*sli jt-LSo» J5 ^lapf 

*(jjkl jjT pl-^Ul JjJ 3 oL JbwJl f-bj . ^UJl 4P j+~j ol jA ^jf 

<j Ojj-^ \£ iww^Li-Lj jj-^ail dLA-l i JuL~j ^Ul AjliJl 

j U? i ^ ^«P 1 _ ^ ^ * * * ** ^ ^s*nA.*«J I i—*) L - ^ 11 

^Jp L^l^d $J*>-J 6j y*P J^sJ A^jL^JI Qjl ./?■ ■ ll t— ■■■■»> 1 jfc Jij . AjL^jJt 

ol—-Ul a-UJI Ut uilL> jj-s^J ^jLJl J ^^ojJl Joi-I 

t JL*j |^3 U»Ojj? LA ^ ^ ^Jl La j j-m? <ww<l^-l LaLaJj JLd3 <wii%JL) 

0 LJU 1 ^I aJ 1 bp ^ uAmJ I a ^ o l - - -^ U-1 ^S* 

iLalS" oaiaJl aJUjJI Ajjj ( j^af aJL>^ jaJl oJL^-j . a>, i 1 ^jiaJl lLL^I v—iJL%*o 

. (paJl J>-b oLJJlj JoLljl iS^>- ^f) 

: jL U li> l>bj£ j \ju ^ <j j^m ^Jl iJUl p*-jJl o^jl>- Jij 

^UJ Jii)l aJUpj JjVl ^UJ JiiJl U*p Oy J^UJI Zj*}\ - \ 

• (Y(_r" “ \i_r") 

.(Overlap) ^yilaJl J>-l-tJl ^ 

. jUJIj JjVl Oi^LJl ja J£) aJ&JI JiiJl IU jaj — T 
JjVl AidjJl Jis aJ^p Ua^'bf Ji (_^jt^LJl ot ^3 

. aJl»jJ| «ijk ^j LJL i *^1 O^li-I J 

: gfcJt * 

a fi 

jJl ^l^ll jjkj <J Uwilj JP p JjJpLAl Iwib>-! — \ 

p^»jJl 4PjJflLa e jj-na! (Y - ® - ^ ) ^*^yi3 • f fe^ l 

^JjLJI jit'll -bo jUp| Ijla v, aa—J 

(ii O) APj^^JlI J cLUij iJliJl |- J^LaJ ijbij O^IiL aJLp 

Jij . ^jiUl Jtfill A r ,:ll aJ[ of iiliA ^5L1j . (t k) 

Aj^tUl of (Gimson, 1960) 0y^L5' (j^y 



0 

Old>"bJl <a>-j JL 43 IJLfc ipL oJUp ^^->iJlI ioli 

. iiL>- o «.«.*» o «.«.*» J VJ £b (t) *UI Oj^ ^ 

<jLdJlj JjVl juS'LJl JjVl Jj-lA-l u^> — Y 

( Jij • ijy^JJ ci A.l** : » J kl 3ljll <u*~i!L 

<J jb ip j+m j jW 

iPj^JJ JjJaJl iyil Al^JJ c-idjJl JjJ^ ^p 

^bjl |» «■* * «^X«. U l^jflj __ 0^ *X&J ^j-A Ajj&\ 

iikicil JlXJiVl jli?4_Jl JJL 4 jt — (Factorial design) ijydJ 

jw (kp / ^ dl) *(tk / i) O) r ‘ (kt / O dJ) : J5 

<y Wi g^Jl jyf <y blSj • ^1 (P k / ^v) 

ipj^^«il (J ^liJlj JjVl jS'UD a~J yJl 

(/ \ i~jj) (tk / di o) ja Jpf cJl5 <jJl (kt / o dl) 

L^ojf ^jJi^- i-idiT ^ . ^jOpUlI 

(3jWl oJjfc C^>w?j jJj . (dJ O) J (O dJ) (j05LJl jju jutlSi J^Lj 

.(Y)^ Jj-^l J 

^31csyj (^ ^) <**5 s^ij ^U-As* 

e-A3jJ ^Iji>-| Jb-j ^SLJl ^Ji3 y illjl ^UJ| UL>4 (^) j (<—'*) ( y«dpL*ll 
4 J L <A )! A .4>.a J 1 0*pXA • Y1 C^bJt 1 

^) lS^ c 5'y-Vl a-^JL hyrjA j& ji (t^ — ><y) 

(c^dJ) iPj^it Jj .(kp), (pk), (tp), (pt) (O ^) 4 (^ 0 ) t(di^) 

j? 

fij-Aj . ^JpLII jlS' (p k) (d3 *—>)^ (kp) 

0-*^ LoJUp ^juS'L-JI yj ^y ^ubJl cJ^bJ jy Lb ii^i^Jl 

45 f 

: I J5ifc l Lf-i OJL>j ^Jl iJj^aJt cJj ^laJLS li-i? C';^ >'J 


«yu» (^)J (Vowel) U iXj?- B ^ Ji (q) 0 ) 

.&s~ y 


\ * \ 



jlpj T * , Y* — t J-pL-At .xp ol5 (ii) ip^r4->««a-U AamjJL — \ 

.To. ,o = ^ Xpj Y^ , ^ 

T^ y o = ^jj X*,o = \ oL_5 (iJ ^) i_Pj— qj>wJLJ 4__w-JL_» _ Y 

.n,t = C j 

Calls' <*—j ^jjApU.1 OlP (iJ <—"*) jf ^w^ljJi ^4J 

CJlS' JLiii f JLpLAI Uf . (c-^ iS) 

. cfJJi ^ ^^SLaJI 

j ^jj 4,-o.j.j? ^1 (■juS'LJi 4i>-^\Jij ii>LJi is*of jx-j 

I JLa yjj . ^4 P^o*>«J»1 J ot5 li| (t^ 

^jOpL-il ^jJ _QJ + ^ £4 (V) piJ JjXA-l 

^ l^^3 4jjJll>*li 4y^Jl OP^aJ 1 ^LlP^I X>-Vi 

. (tp), (pt), (pk), (kp) (O V ) j (O) J (ii y) J 

oli 4P^o*>*ll 4*uL> (t) *LJl 0^^-* LaJUp 4jf Lju\ JjJli-l (JlA jwj 

I JlA JW4JJ . (t(J^ “ \<J*) J lj-^5 __ r ,J ii»LJl i^LoVliS'yLl 

^I^JikJl J^ljdl xsj iyill ,U(j iiUi *SjL\ jy J^-lJJ 

. I 23 (jvliJLll tlijl Jjc£ L£ J^ausj .jJi (p) 4 *LJ( IjjUwa 

of c^f) L*j \jjJl*> 15 j£- Vw «*~+> 0 jj jll***! 1 oLLi-1 aS of 

iytU- iSy* Jl*j (tp), (kp) jkJl XP (^iUJl5 I jr ^i 0 j£j JiiJl 

. (<U_vi) 

r y J olpj**^*«ll ejjk ,J ^ala.ll Jpj-tJl jt Jl >-j Xki Ijjkj 

*Jb J_J JjVl ^Ul J-^l J JJLwj ilU YVY JA iaii 

(_j ^j-LpI— i.1 ,jij ijU Jiij . ^liil <iil-^-N ^kL^xj^/I 

jl <w~>x*Jl . aJ UIa>-I |*-a^I ( f ) jl^j . J,i 

Word j^kAJ jjL^ ik«J jtAic <jcSl_!l dj5 j*j) {J -r $I <-»^l j_^i 

. (j-^Uil (Jp j Ja~jaj> J\ Ii jl (boundary 


Y ♦ Y 



:icU- * 

\i[ (tk) “ \^) j-* 

(Kozhevnikov and jSj wi^LuAjj-S' j ~*juj (kt) 

^tT 

|*^»«iJl jl—p- jt_; a _II_J~l oJL* J_i* Christovich, 1965) 

(itlJU»-N jUJl o^LnAP v_al.:.< i)c 5 -iJl (Motor command) 

^IlaJ \' c* ^| p A»1 ^ p Aki 1^) tjitljl 1 

ik— IjA ,J* c5j2—ll lJu jj53 Jlij .JjJljiA < ju5’LJl ^jjiA 

dJLi-l *_aL-> jl_Ul ( _ r *»% L»Jup (_$JlJl (Tactile feedback) ^p^Ul 

Uxp ^U-jNI (*^ (ik) <jj .JjVi ^LJl 
Jk ^kl^l ^>JL IJi* . AiUl j UD I 

Ji~Jl I aJLm)I (^1 jUJl aJUop ( jkUJ Vl (k) 0(531 

VI jA 4 j U JSj ( '^Inferior longituadinalis) 

^L>-jVl jU (kt) JJ i^JL Uf . apj~*j ^jl^aJLa t jLJlJI 

* 0I4JJI a! d La. a 0^^*^4 I 

fUVl Jlj JpVi Jl vwJLlaij AiUl ^ J J fUVl Jl jUJl <jUi!I 
^jJL> Lc J 5 l i?LiJ li aJL*p . oUJJl J£J a **-J L 
^j^L^jVIj JjVI ^wLjnjVI JlioVl J I^>-tj I Jaj . a U a p 

.Ail_ Jl iJU-l J aJp 015^ iJU-l eOA J jlill 

.aJUN £-.jf Ojl^ Jl (jkjiJl 'j> JiA j£}j 


j Jlj& I UiJl ^ULl J^iJl j jl_Ul ju aLb«JI .Ju Jl£. Jai t (t) 

.wtbfll IJU ^ U-u, UJ \V^ ^ o5Ul*JI 

n »r 



(\) JjjJrl 

4yjt JjfclaJI jljilJ 4 mIUI J OcJ* 0 ^*YaJl JlMljlU 

t-i iyi\ J M J jb JA y.'.T Jt vu 


O'- 

j- J£JI jkJl j*j j* V-) J*J 

JSJ ijdi V^Ji 

jL^II 30^-j 

((T) 

(V) 

(I) 

(jr) 

^,0*^131 

(V) 

(») 

r\,o 

rr,r 

TV 

Y«,1 

D 

y r,r 

c° J c 


tr,t 

rr,t 

rr 

yv,y 


rr,Y 

C° d C 


\y,t 

rY,Y 

YA, 0 

Y«,t 

B 

YY,. 

O) j-o# J r 

\ 

Yv,r 

«y,« 

YA^ 

YY.o 


n,n 

C 0#J C 


n,Y 



Y*r 

B 


ia—<jdl 


y*. 

l 



B 

rt,t 

c Uo c 

1 

\v,v 

1 

1 

Y\, Y 


YV.-l 

C Jw. C 

1 

r*,o 

EH 

1 

Y • , T 


YA, t 

# 0 c 


y,y 

B 

BB 

r* 


YY, V 

c i3 # 0 c 

1 

'v,. 

B 

M 

w,v 

B 


Ja~»^lLl 

1 

n,r 

t* ,r 

r«,« 

V,- 

1 

u,v 

C^ d C 

1 

fA, A 

TY, T 

YA,A 

Y,- 


YY, Y 

J c 

1 

r*,* 

r\,\ 

n ,v 

«.- 

B 

YY.V 


B 

f A, Y 

rY,A 

Ye,o 

Y-Y,- 


YY, Y 

c^ #d c 

1 

n, a 



YY,Y 

B 


Lu^dl 

1 

tv,t 

n,t 

Y-,1 

Y,Y 

V,Y 

YY ,Y 

C^c 


YA, A 

rr,r 

Yt,Y 

yy ,r 

W, Y 

Yt.Y 

C J v c 


iY,o 

t®, t 

▼ «,t 

A,r 

Y,A 

V,1 

C i# ^c 

t 

tV, Y 

rY.Y 

YY,Y 

Y,A 

Y\ Y 

YY ,1 

# v c 


rr,A 



y y ,r 






l^UaJl * U 3 1 o^AaJI 0 l~ *i^ ap^aaJLI of djub ^ (^) 

•^=c-> 


Y ♦ i 
































J£j 4.—JU ( Tc r») (^ j*) iitJl jS'l^Jl 

Ja5 JjIp ja ij 


(cT - cT* <J^ ^ V*^) J*‘j 

<Sf}\ ja J5s3 <t m jSL 1 ij-Jl 


j^lM 

(C) 

(y) 

(I) 

<£> 

(v) 

(») 

y* ,n 

rY.Y 

YY,- 

y- ,*i 

n.r 

YA, V 

c^°c 



Y* ,v 

\A,r 

V,Y 

n,v 

rt^Y 

c^°c 


u,- 

TV,A 

n,A 

YY.Y 

>Y,r 

rY,r 

* ° c 

0 

r«,- 

r* ,« 

y r,r 

Y,Y 

y* ,r 

r*,Y 

c V ^ ° c 


Y«,Y 



u,v 





r* ,r 

rv,r 

Yr,- 

H,Y 

A,A 

Yr,- 

c° V c 

1 

rr, > 

YV,1 

YY,V 

YV,n 

YY ,t 

y*\, > 

C° v c 

1 

rY, y 

Yn,t 

Y- ,A 

y • ,n 


n,r 

c o # ^ c 

0 

yy,- 

YY, V 

W, A 

Y-,Y 

U,« 

YA, A 

j-O # c-> q 

1 

n,r 



Y«,Y 



Ja~fjdl 

1 




















(T) Jj-iJr 1 

£U*»-I jp «iUl jlttl jU il'jtll j» I4-U LU»- jJl gSLsJl Jt-ji. JjjlH jw 

i-J^alt uj^kll » j l :* ,J (l) C-') (o .ii) w rJj-^'I 



(T) Jja^l 


-c 

*C 


-c 

+ C 


t i,r 

YA, Y 

(v ^) 

r^.t 

rt.r 

(v 

TV,- 

n,\ 

(^ v) 

T'v.y 

r* ,i 

(4 V) 


,4jiU = _£y V 1 ^ &s- = +£ (') 























(\.o.\) JSLi 

. ^A£Jl Xp Jp^b — ^tUaJl <dU-l i aa.m _ ^ 
. d b li p-M-j jlp- — T 

.ttJjJi j nr Jxec j^ji ^ ^uuJi _ r 
. JUJ1« '“l 3^p- — l 

. jM. Jl <*iLi o 

• OJjr^\ — ** 

. ( JJiu£J ^-JU* _ V 

. APj-iall jj <4 11 ^ 

. v-UJJ JljjVl r .>: - n 

.jj^ai\ tw-JjJ jW^r - ' * 


> *V 







Print-out of palatal data from [s ] to [I] in «catkin» 

(Subi. C) 



Alvc 

ular closure 



3*12 

313 


VJii 


315 

316 

on t nn 

on.nn 

on. 

.... 00 

(Ml . . 

. . .fu ul 

(ion.mo 

on....on 

on....on 

on 

... no 

Of) . 

. . .On 

(it mu. non 

O.0 

n.n 

on 

... on 

no. 

. . . (*n 

nn....nn 


.0 

0 . 

.... i j 

o . 

. . . L'O 

(•II. . . .0(1 



o. 

.... 0 

0 . . 

. . . . 0 

n.no 



n. 

.n 

0. . 

... . o 

on..,non 



nnnnoonn 

(■on 

Mil- 00 

onnnoi mo 



.00.0. 

nnnuon 

ouunno 





Velar closure 

Alveolar release 

317 

3 An 


31V 


V350 


ononn. ,nno 

ononn.n< mo 

ononn.oooo 

000(1000! UlO 

onnnnnrmno 

nonn.nno 

noon.non 

oonu.ono 

oono.ooo 

onoo.nnn 

on....on 

on....no 

on 

. . . .00 

on. 

.. .on 

nn...ono 

nn... .r»o 

nn.... nn 

on 

... .on 

on. 

.. .on 

nn....on 

nn ....(mi 

on....ou 

on 

... .on 

on. 

.. .00 

on...oou 

On.,.non 

cnnn.cmo 

00 

.. .000 

nn. 

. . .(>0 

no....on 

oonoonno 

onounnno 

ounoonoo 

on. 

.. onu 

ou....no 

000000 

000000 

000000 

OOOCJUO 

00...0 


352 

353 


351 


355 


356 

onnn'mnooo 

onnnnonnoo 

onnncionooo 

ocmoouoono 

ooooodciono 

oono.ooo 

fioon.oon 

noon 

. nr,o 

00(10 

. non 

0000. 

000 

ono..ono 

ono..ono 

onn. 

.onn 

c 

o 

.000 

ono. 

000 

on...non 

non..non 

ono. 

.non 

on.. 

. non 

on.. 

non 

non..non 

non..nun 

noo. 

,nnn 

on.. 

. UOiJ 

on.. 

.on 

onnn..on 

0000..00 

00. ♦ 

. .uo 

00. . 

. .00 

.0. . 

.00 

(JO.0 

0.0 

o... 

. . .0 

o. .. 

. . .0 

4 4 • 4 

. .n 


0. D 


357 

Vc 1 .t r re « ease 

^ 3f.n 

359 

360 

361 

oonnnnniifjd 

ononn.anno 

00000.0000 

oonuo.nuno 

OOIJ. . . .000 

ouno.iMn 

oonn.oon 

norm, ono 

fiono.niiii 

0000.000 

fmi). . onn 

non..ono 

ono..non 

on...non 

nn....oo 

on.,.non 

00..noon 

on.... on 

oo....on 

00....00 

00. .. .00 

OU....00 

no....oo 

o.nn 

0.0 

.n 

.n 

.n 

.nn 



3/,? 


3 6 J 


3 A1 


335 


366 

ck:o .... ono 

on. . . 

. ono 

00 . . . 

. . nn 

On. t . 

. . nn 

00. . » 

. 00 

norm.non 

noon 

nun 

0000 

ono 

0000 

Cion 

noon 

non 

no.,..nn 

no.. 

.on 

on.. 

.00 

00. . 

.on 

oo.. 

.on 

on....on 

on.. 

.on 

oo.. 

.00 

00. . 

. no 

oo.. 

.no 

0.0 

o... 

. .0 

0. . . 

• .0 

0 . . 

. .0 

o... 

. .0 


(T-•->) 


1 ‘A 





















































































(r-o->) js^s 

. JjVi jiaJi iJup »ljil _ \ 

• \(_r" £• J ^ 1 - t 

. — r 

. JjVl ^J»4jsJi 4 JLAjLf* - t 

. 4-jliil ^JaaJI aJ l ^p &1-&I — 0 

• Ycr - £• — 11 

. 4-JliJl JiiJl aJLp 4jL^ — V 


^lA 1 

— C 1,H6, K20, L5. 

— GIMSON, A.C. (1960), M. Ph. 113. 

— JONES, W.R., (1977), Phonet. Lab,ReadingUniv.. 

— KOHLER, K.. (1976), Phonet., 33:1-30. 

— KUEHN, D.P. and MOLL, K.L., (1976) J. Phon., 4:303-320. 

— ROACH, P.J., (1973), J. Inter. Phon. Assn., 3:10-21. 

— ROACH, P.J., (1977), Phonet. Lab., Reading Univ. 

— ROACH, P.J. and HARDCASTLE. W.J., (1976), Univ. Essex. 


3 • \ 




{j* ^ jUjVL J 1® jf iJj^aJt Ajill 

Ja^ 1^ £jyJl l a « ^ ojjIj a!»/?p ©jL-P ^jp ^j . (^^Ijjijl 

^ # 

4^15 IjLmi 5iyjwJ-l £1 y JU^ iJLJl J*kJ ol . pjiJl ^Ijii jbLiJl 

ll £jliM frljAl jJjJ i!l>- <J <l)f lc^ 

. Ag4»wJ U L^%P ^C wO L^.^3 4 j 

, l<>— aLi^ ^J1 ^Jp aIjLa SjJ 3 4*jyA1 \ AJJlLIj 

4 ijjj^Jl oNVl oLJl£®L ^jJl < u«J c J l <i*J>jji jij 

cJJbkil jjuilj cLU-Jl 0 I 3 jbjVl {jA Jjl* SJS* ^J>-J 0 Jjj** U 


. oj-saIIA^ uiJl 1 $>wj ^Jl viUj oloJcJl ^a ^JLp ^Jp J-sa>o ^->- 

y« l*JaP3.-\P ^a ^yl^f &&~y£ ^Jilyj ^cJUj 4jy*O^I 4^S^ll 4*«JcJt OolS^ llj 

4-jjJl Laj«Lna^ ^1 O’L^JcJI 0of ^oli 4 a J3 3 lyJI oU-jil 
ly OjScj ^Jl S^lLl 4*yla 4 A^jliJt ojJLdJl ©JLa j . Li j+<as>- V 

4 y£j^U iUxjf oy- Jii$ IJlAj . aJLp o j£j (^Jili J^JLSlj l$jly 4 
SjtXiiJl 43 jaI l*AP LJti^ L^v® oJ&j ^Jl 4j»<^«JViA*xijJl) o*AjJp 

,^^0 *>LaaJIj 4>wjV| y J5J 4 j 33yJl 


: jp SyL (^) 

Minoru HIRANO: Structure and Vibratory Behaviour of the Vocal Folds. 

Dynamic Aspects of Speech jlj^y ^a)y J \^VV i— jfV* J 

. Production 



i {jA 6 -i* li ^ jf Ju3 

tatJcul j-JJoj oy>oJ-l dr 4 d) 4 -jJl of jf 

tc-iljllj ^jSJJlj (j^pJU<aJLS bloial dfr*d dJ t *j>-ja lc^ 

4 . 4 ,. Lai I o >Xbj . *^JLj J-*^j ^ i»-Ldil Jlc ^abf 

ji -1 Aj-jIJ la oL^ lij . al^AI j>- ^ ^jLJbs jf < >t . " a.) jf 
JJ^J ^11 • d • - - »<l Jij . <d**>*Jl 4 Jp JLai ^i^Jl 4 -J^p ^lil f-ji-l j-fc 
; ^La ^Jp 4i?LiJj *jJL| IjlA y 43 jaL oOjOp 

\l**Ji\ U\j> - >lj\ 

4jail^- ^Ls^L C-^jPj (jyJLJl Jjjil j^-Ln>- o^JLp olpUai oJL>-f 

# * 

j£A Ic-^-S j p ^^ m oipUai OwijJkj. 4^0^!^Ojlj 
<j ojL^» dr^f JLai 4 l ^>L>- O^L LjA» i>«-wJVl dr 4 £jj J5^ ol£ llj 
dr 4 of *Jb ia>-jJ jjj . 4 jij^ 3 Jl 40ill f-lj^f 

Jj >-y 4jk^«JVI ejjb d)f Ls^L)f Ji>-jJj alalia 4 4^w^0fj 4 -^a^Jb 4^>x—jf 
. oj-sa!I 40i)l *lj>*f j Lmjc« Lrj £jjy c->l j? * --** 


O'**-') 

^UVl *>M j* JSdi 

. 4-Jj^aJl 4jjjl 

0) kJ^UJl JSLUI j ^ 
(T) v^> i^Vlj 

(f) 3MUJ <■». .iVl j 







* AjJlLI I i_3^JaJl Oj^o j 

JLl 1 ^jA Q^ylli ^jA 0 * «*> 4jJtU- ^ ^ 4 tf «i? ^A ) _ \ 

jlJLic L-i^kll Ji^»f Jdfj JUJLU , A Vill U^l?j 

# # 

AiA>jg^ LjJU- Ls^Ap AjjJaJl oJLa j^j uj Y ^ Y* 

JJ aIjSLa U iJUl oV \jiaJ viUSj . olj A^Jt JSLiu 

4 L ^ 1 L * ^j^N«*A I ^ 1 .) 

<_*»>» oUJa : (aJ*U* 1I jl) <Lom aA kd) — Y 

LUJi aLUI (Jj . I fiA o j£zj ^JIa^^AAIj iUUail 4>«-^jVl ^j jj 

<U>-AaLua ^^3 (JLij 4yA^Lil A>wiVl J-» jJj itllail 4>«^oV( J-Aj 

** (? 

A*£ll Ojl> J5CJU jJl I jM Jji . APjli O^So 

. A ^W J 1 Ay^^« >« 

A—JL> Ala Qaa A> w >jf ^a AaLp AAn^l) 4 a L> ‘A 1 oJla o^^*j ! Aialiall aaJsmLI m V 

^jA iiLiJ ^JlJI aaIp? J j>- ^j£- ^Jl oLaL>- 

. ojJLl! ^la a)I J? jj£ A—<La^L_a A>«-~jf J] 

(Vocal (Jj-s^aJl ^ oliLkJl oJla APj^jfj 

oV ^^r^fj 4 —aJp (ju J^LaSI JaiM JjJL^- ^w^Jl ^aj ligament) 

Jblj^J (, Ifei; ^Jl A A Lua J^a ^ j JLlllj ^^(SLjLIj iUllail A^>t—J Vl 

AjU iJlA j^pjj . j>-t AiklA ^ dUJlS^ ^jJjJll AyA^LAl 4>t-njVl 
ois 11 j . Lj jiJ j^wJLa f LJlaJI aaJjJI diw oL Jli of ^a 

^jCdiaoll diw of I*1 a oL$ jvo^JLLa A 11 J?LjJl 

ao^JI ^ja frjJLt IJLa of ia^-^l»j .jUJULa o jjb itUailj iyA^Li! 

AjjOi Ja ^Laj of Ala«lp AjjA^ AyPjl ^f ^*Xp ^f ^P {Sjp^Z ^ 

. i)JbJL!l AAAjll 


^jlj dJU—Jl jJb^ ^Jajo ^jJl Ojj. U .^ i l jjZLa Jl <uij l^ T^ ... ) f jf ot (^ ) 

.dUJl 




eJ)U- 



(Vocalis muscle) aJj^aJI aJLaaJI d/>\i!l cAiJaJl eJlA C^- 

<ULa*JI J-a4j ^aIj Ja>* l]L* . aJj^aJI A*jJl 

<b« Oj^ij ^JJl i jV ^5 jJLaJI ^Jj-saJI 

j L«t . l^li aJj-^ aJLajJI (3 -bjc Jj^aJI J^L^Jl 

0^ Aj^JjJl iWUail A^Jv>-VI A^jL. tj ,fl '*£'y&£‘ A.«. J Ln 5 A^j^-A-li A.I«A* 11 

• S? Jr - ^ L r a ^ J 

. L*>*> f J A^J>J>sA) I A^j I 0 l 

^Jj ^Jt io j*aJI aJLaaJIj c (LpP bjJL^- ^Ji oLaJaJl ^ Oj&jj) 

. Jj-aJI 

L-j-v* ^J^J A_>*-*-jVl ( ^» AP^tjJ*- i)j£sj A*Jj>. A11 A. b il l 0 jj ^ 

flJjb jfj ^^>-Vl ejUl£ (i5j^i-l iiLcbi) A^SwlSw* ^jaSUa^- 

ol5j>- <Ju 43^jJl ^.lalT AbJjl -Uja>*_~j Vi 

. iih>*il l$Jlj^4 

. A>wjVl eJlfc <j\j <3jxll (c-J) j ( f ) L/^iJ 



jsit 

luplU J^JI 

. ^IUI j ^yaif ^Uai ( t ) 

. i>i—jVl (j ^Uai (c^) 

. Jy J JjiJl Ja^N 


ur 





aL^hII ll JabjJl (j jVl )py&- of u^Sji}\ j 

oJLli l^J^L^I 4^jj| *& 11 AOjJ I <*-3 ^ 

aJl*P *XlP ^jdj I ^ (_£.Dl jU 6 Li* I A^jU Aj_jIj »»4 1 

^P ^4>iaP 2jJj 0->i ^ a^jji ./a 11 AOiJl ^a>- ^ jjf I <-iA^ . Cuj ./at 11 

. *w^jjOl]l jl>*»V1 

OJ jSi'l' _***» - uvs 

'.a oVa-kU 

♦ 

Jii>-lj 5 j-1p Luil boJp (jjll ^L^-f ( j^» j^*-L>- cJLjf 

J5 ojJli ^JLaj cA^ j j«/alI 4yjJ I 1^4 Oj&J ^JI ^-j 1 a.Ull 4^(j«U 4 JL 0 IS' Lf* 

Ja>*jJ Jjj . ^aJU<aiLl ^ l^lj^ jf jf iSUa^'Vl ^Jp L^U aJLU 

: jt La 

cij j-*^3 L^L>- oIaJ? — \ 

l! 1 ^>^3 P ^)p A^.^ ll 1 a twd £^«j AA«Ja 

. SjjUJkl L^LiLl oUji ciLLi^jj <Jpf 

0 ^ 4 ybj . aJ| jLiil a^LI ^^Lili <_i*>UJi 11* J, _ Y 

# <? ? 

JaL-JjL£ IjJ>-j UcjLjjI l^./34; JaJjJ (Jbj- 4 jL3^ ^ 

iUUall Ja^ji-I ^ jJLp oljjiuiJl oJlA ^juj . vJjjdl ^jiajlll ol^ ju! 

•*' JU.J* JUjj . L^Ju ^Jl 4 4 la^lI ^jA LfcJl JtS 

Jp IjJi ob wil>lk4 J-4 4Pj^jf Oj&iJ t J^Uail 

LfriSLi Jj jw JLJL3I jf JaJwaJL; ^jLo aaIc^ JL^if jli£l 

•C>Vl 

-k^laiL-l oJla Jvjj (Resilience) iijjil ^-Lj i^UU oJu Jyuj 
^y> LjJ| Lft^lJH 4 I ^;.^>l ^Jl iJLp JL>-jj iUUail 

aj-Jli j A-^^m 'i/j . a 4 Ldi 



U iljJjJlS’ ijlL A^l Ajjlj^a ja-Jj tJi-Jl 

. aJI la« i ! ^J-P L^jJ3 ^J-P -IpL~j 

Oyj^T^ <J A^lJ^U-tj itllail IjjaJ j 

<ju JlioNl AdL«4 ^o - ~J toJ^lj Ajilala aS ji-\ A^>-U i)\ jCj*j 

. Oj^Jl aJLojJIj *UajJl 

C-5^-^ A^jJl ^ >■> aJL^LaJI eJjfc ^JjLC^ A*j*j)*4) 1 A L , <a * 1 1 

^ ( j£' Am aJUaL*JI /^a iS*^JiJj A^^L^Vl L^IS' j>" A yjJ I 

ti-ij . ^y^-jUM frUaill ((ikUallj <La*>U>l)) <uLuit 

^ £j£ ^Jl Js>jJwjJI J-sA4jj . iJUii^l iiLill ^Ix^jJl ilklLl 
SlL£w>f iJj-s^aJl «uii!t jJ? JLio titUailj ill£ 

^jlsM AJUjlio ^P A^Ul oLJbiJl v_3^i>-l Ajill^ 

. Ij>%^\ ^Jl oUJcJl ^ULj 



<Cj 4.L./IW.L1 

. jt ( f ) 

. ajj-aIi 4>., , >sn (^) 

. aJJuoJI <j* { Jb —'jJl 45.1a 11 ^ fti* <£) 

4jh— ibU S^Jbcil (Jwj A ; ih/ali A>wjVl ^ AiaJaJJ j ^UaJ ( i ) 

. il^Uall 

. A«r4^^l a^mJVI C^ULiJl jwj A^iJLuaJl A^wmJVI <uaL^I AaJjJLI ^ j\p ^QaJ (—^) 

. I JbJLi I 6 A-Otatl <>wwVl > ( J ) 

% N 






iij/ - \si\i 



(COVER) *lknJl _ ^ 

(LAMINA PROPRIA) U-LaJl a>wJV! ( t ) 


(Epithelium) ©j-liJl (t-^) 
Mucosa Epitherlium A-kU^ll ©jJJaJl _ \ 

Stratified squamous Epithelium) oLLUl oIS LiJUaJl ojJLill — T 
(Citiated columnar Epithelium) AjyuiJ! ©j-LaJI _ T 

BODY (Vocalis Muscle) (A-jj-aJi aJLauJI) p—J7I — t 
(TRANSITION) aJU^I Ukil - f 


(Deep layer) aJL^jJI aJLUI ( f ) 


(Superficial layer) v%kJ l £UaJl (^) (Intermediate layer) (v^) 


N W 






iibidl oJl* <Jp JJi JUj ^1 CUj y>4 JSj 

dlku.Nl J ^yasJbS ^yaJUai-l ojlAj (Dynamic) yU lj^aJLa>- iiyd 
JSo :ykill dJLl[j .(Stiffness) ojl^Jlj (Strain) JUj^NIj (Elongation) 

. If-u® 

Ja isill jf JLJJl J_Lo U» ^_jLJ (Si ; ^ UU _ \ 

(<*ik*Jlj J -*Jlj jykll) <oL*jf J t £*)} Ojiji-I jf 

.dlku.Nl { J^ fji I <y* ^JcJl Ijjb d>J jU ^yU&Nlj 

.J£\ juj ,^tJI j^lj J^Nl Ju J>JI dlku.NI ^jLJj 

^ ^ * UjJ? klkil y® ddaS kjJ jlS* jf ^yiy jli iJl* Jp *L>j 
dlLu.Nl jli j*-*. \ Y liyL jL^a$ ^ jl«dL c JLSJU IfcJLp ljyfj 

.JU-IU. Y = W - ^ Y j^J 

Jj^Jj y£fj . <u-.LS SU>j (J jlJiio yb ; JlmiJNt _ Y 
dk^N jiUl JlSll Jj .J^Vl J>JI Jp dlku.Nld^ JLkNl 
JUdNl OJi p- *• J^>Nl J>JI jl5 lij >r * Y cJtf dlku.Nl jf 
. p-^'ojf 1 • / Y (\*) cjkll Jp (Y) dlku.Nl i^-JL jj^j 

oA>-J jlJLiC La J ij Jul-b-N daj^dl Ojiil _ f 

jfj ^*1 y*- 6 OolS' JLiJl oy jf lufj jjSjdl JliLl . SJb-lj <-.U 
klkil k SjIjS' jU j.3 J c Y vJUjIS' JLiJl yP 4^Ul dlku.Nl 
C$f (/■ »;"«» *> Y) dJlkjU.Nl J-P 4-aj^ Ja a (^1j->- d) ojjjl ^ 

■ ^/(V Y,o=4 

■V^j <3W4\ a 

dy>wJl Jp l gkJaJ ^^J-l yuIji y. d^\lli jjylyaJl oJp 

.l*L^U; jJJIj dJLJl 

y® ^Ua3 l^Uo Jl>-fj i 4jy# jji ^dL ^J^"j y* dJcJ-s^yU.1 — ^ 

\ ^ A 



4_alaillj tUa JiJt <. cA-iJaJl JaJ <—iUM (J,| ^UVl 

• j (J <—*jis t ^y— ..t.>- (J ^Uaiil oljJst C■■>;■ * — Y 

(Vjt J^laJl) ‘i'^l oUJaJl J£ JjJ* (*^ ,/4^l 

.(■un.Y J5 jJi j *>\) 

llj . (_JJ A*-b**5 j-UaiJl Ajlf* j JL?-lj — f 

• J^aJ') t -'j>r J* (X>& *-—>■ 

jlJi» £\j>£*m\ ,j^Ji JjJaJl ,j<* Vjt JjUl Q^ai — t 

. Sfttell t |^bU iHk-/tfl 

^1 (J^ 4 ■ •-i.lL 'bljf (JIjiaJl iJUaimVl A. «> ,... 2> — 0 

. »ij^-bu jUi^l jlai. 

.|t^)l A.» ‘ .. tl l (JL a All jlJLL* ^ajj oL.1 o.nJl o J-A ^-Ul (Sj^~ ^ ^ 

: JUI jUI ^1 J 55^531 l*Vf ^ J5- JUilj 

(o.*v.\) J£i 

■ *1-^- - j 

4~Jl Ujl 

:^* IIa o j&kj 

u)ri (^ t 

iJlia^-Vl cJ UJLil U 

c <u.,L» oJl>^J <■■>—.Jlj 
. jUii^ll jlJLi* aJLfcj 

^144 Jw { j^t\j Ja^- — Y 

jji j*ii ^ a* 

jJLJ 

. 4Z*Ll \~J ^4ylJ 1 
ijtJ l^IaIj jUai-i (jlJlA — 1* 

, yup ihajb (J jLilLj 





I IAa oUL 



(■un.N) JCft 

4>i....j V1 u l k^ JL* i JLyJ 

.A-dl ^L*aJ aJ oJ ^jJl ybj (^^^»f) J.la:...ll JSwJl JJU 

:£>UV! _ ^ 

. JUJLL o, T = ^ »— 1 c ^ f 

:^Vl - r 

. (ijj-^ajl iUijj!) J|“i Ja-^ i—4 -a> Jtc } J £ 

. (Jallailj JpUJlI *yM) aJIa^I) iiklll Ja*^ i 4./a> JijC a J 

. (4/.* 11 ^L-l i_i jiaJl) tUaiJl Ja*^ v a./a'i ^JlC ^ ^ ^ ^ji)l 
. L^JLS' 4*£ll Ja-^- k-.A.A) JijC a Ja £ ^jiJl 

jaJi ^>-j JJ *l>Vl J> jf :*uNll - r 
• *yrj jt —^ J J* Ji? (p-* \* , V1) j -a juJI 

■ • J 2 ^ 1 JLtfV iSJall Jitf (^ ^ ,nV) j j JuJI 

■ J 2 ^ J 5 * (p-* • >M) ^ j 

. JSUI >frj JJ <->» J> J* Or,^*) J» -Jb juJI 

NY* 


(Ju <jLJl J* JL*jLI a]oJu ^ 

^jjl 4iaJLU aL\2a Oj& 0^ j 4JaiJl £*&y» ^0^-j ^yi$Vlj 

JiC ^Jl 4l>a:ll iLli® 0 j^j ofj J tjp-ij 

. (0) j^ij aJUjJI ^jP ^Ul *jA-I <J AJUaZ^Vl jIJjL« 

*■ ^*sa! jjiiJi o^^j i* iii>" j iiLJi oll^-aJi ^ipf — a 

^juJli-l <j LjJp tlaJL v A*& j 

• *3^ <J^ A ^oJ l* 

^JlXj i*\S ^Uaill Si^i a^jli ^ Y A>t,*"«. l l OjIS' — \ 

(JUuLI 4j^\Jj 4jaJaill (Jlxijl ii^JJ ^+m^\ JUjLI iSj^ 

JjLC o L>fa. 4 i*jjL £j>%3 4P y*^~ ^ (In 

. <U^liM oVl*-iiVl 

0^^^ UJL P oOp j!>Aa> 4J^a 4 ^l—Jl yA — ^ * 

t D ^.^JlLa ^ eOPj . (JL>-lj \j*\j>‘ JJ&Jl jl0JL» 

<JIajLI O^ jJ Ajf . frUaiJJ • T iJliJ^I ^ikul) ^JUL- 1, A 

frUa-jJl JIaAjIj A 0^ aJUiJVI 4 4 lad I Jlajiil oli \ 

4lAl 4.0iU <U~oJU oL#j]jc<® 4jJ| LU>J U ^ * o 

: Lf* 


JUirtl 

JjUl 



,n 

tllakll 

A 

>,*IV 

4 3Ira‘..11 

> 

\* ,V1 

^J.1 


4 ,.,-JL O^IaAj^Ij Jl^tVl Jiuj oUjJLaLI oJlA 4,1a. M I yj 

jxJi <jp iJ p oij . ^>- oLji ^**> (3 40jl)i *ij^f 











: JLill Ji U-l i-dl *\yA Jl>l _ Vj] 
A^t*3 1 0 ^>W>JD I »X * »«J 1 ^^**a3 _ \ 

|+J JL$J . Lfli' A^jj) ./}11 A.« l , tl l (J jA JjcJ I ^ AjI 

. fJ ~S\ 4 .».-tL j ^yU^Jl jjj}*/2“\\ AIfl* »i \jj ^LiJl IjlA 
iJ-l i-^Jl Jji?j ^U-IL \ • y* JuiJl J-i oil o^Jl J^l» Ol£ 11 _ Y 

aU. *\j ■ JLllI 4^i-l OjJI tlJ^-[ (JljJsl s ’l ( j^»f Jjii ^»JUL« ^ 

: v'Vl o^Ull 

L>- ^ujul. ,r = —- i cW~ *Uai!i J^ (f) 

>r, > * ^ JjU; 

L >jij jyA\j> jA — _-_ *\ J-iLo ^ r , ^ • AJlil»Nl4jtJiJ>! (JjJ? (»—*) 

* >• ,vt x n 

Lj^ 5J JUJJl» £ , ^ = - 1 Jil*j ^ T, ^ • (*—4-1 ( ^) 

' r > ' • ^ JjUj’ > • ,V£ ' 

ofj oil o^L) J£JI J>JI jA ^ jf ib-N 

Jl>f j!i \» ,V£ t \ ,*W t • ,1A otj U-l i-dLl J£)l JjUl J> 
.(•v_n_Y j£-ili >;t) .oil odi J ii-^i *l*-Vi 

:aJ-' *I>»-Vl J Sjl-^Jlj iJlk^l _ LjU 
lIIaAi^I jl£ llj toll (J JUi^l 4__J L^pOrfl (jf ) J- - 

Oj£~* A^^-l *lj>-Vl (J JLtij'yi jls i*lj>-Vl Aj*«^jf ( jj j£j \^X> 

fry **d JL*jij*ill olS" lij ^ a^jVi oV oil *l_^Vl JUijl ,j—il 

ii jka ij^? JIaaIVI ii jaa JuC- <oli tS/jf J^laJl jULr.-Ml 4 

JiiJl <o .».« J L ^j>k ~ . ~i ojlj^ll Uf . j"L*. ,.NJl (JIaaj ^/1 ■ J j ^ 1 i)ikL«Vl 



ii \]a J.P J y^ \ 4*1 VI oLJUjJI *1 yrlj . S/ji J^laJl ^P 

**Jojl^^Jlj 


to 

aik-y JUii^ll 

J>JI 


(V ' 



frUaJjl 

,tr = - 

,r 

^ujuu r = ' • 

x ,r 

f 1 ^' 

•"■ .* 

i 

JU-LU 1, t = A 

x ,A 

aJUj^/ 1 4tfla‘.li 

r'^' 
,t\ =- 

1 

jWUu T,t« = ' 

x (Y + M) 

r-^ 1 

T,t« 



4JUojJt) |» ...-^-l 

of IJLA u-j Y J* pJL 

*1 (JjJ? L*.^.»m3 

Uf 

^>- oUA-l f-Luf 

eJj-LJL. 0_^j lj*f iljbf 

is-ljJl , 

Lj ^(Oj-sAll 




: JUI Jj-bU ( 

j ^oLuJl oJLa 

Oowij j 

Sji^Jl 4««J 

aUti-'il i_j JUirtl i_J 

s* s 

j^Vi j>ji 

•>M 

(t>,rr 

r w 

,r 


(i).'i 

1,t A 

i A 

iJLtt'tfl iikdl 

(•).t\ 

T,i« .,o 

t,^ 

(,—4-1 


^ L^L^ti^l <u>* ^>-L>- ^J-p 

(Cricothyroid) iJjjJlijiU-l iL^uJt ^^..Ui. ^LdJl JSj . ^j^JI 

JLwJl uf tOj-waJl vIj!Jl?-I JLJ*p <uS'^>*S' ^jJl!l lLLj>^j 

^ylj jU l a . L - o La I j>4 JLSi iJjjJl A-iliL-l jJLajJt JLi ^^Aj 
i. JdJlj ^aJjcJU Lj^j {jy-6. L^* (jciji? jUx^-l j i—...... Jlj . L fc lp 

(jjVl iJli-l ol^l (J ^iijJiJt dL j£- L)f j-* 









jLlJl cjtfj j£. J| IJ^J c 4l J 4.<. * .*. J? j\£> 4JLP 

CfcwJ *»>rj ^li toL*fe)*bfl i*JJ^«^311 Jp Oj^> J IfSj 

^j-^aJ . ittU ^jlli (Jl Sjlj^Jlj jUii^lj iJllal^Vl 

I 4 1 *t Jj ^*p^J.I ^*^jl Jp jL>«Jl 

i)U- J5 ^p UUI f^Vl (Ultra-high-speed-photography) Jl 

J oij . JjLJI J>J-I J jJI gfliJI Jl J-^jj «jj-^ by* 

. O^U-I oJlA ^0 (jcJU- ijlpJl 

. 4j yH tll JsmwW mb 'iljl 

^yaiSIj (Sj^j iJj^aJl <*j£)I ^*~j£ ^1^-lJl Jjlp 

(jCaUJlI jju iJltfli'bfl 4tf la’Al J jJ^ f\)J J^J^J ^uyj^" Jl _J^wJl 

Jl j*~J-l djbj ( ,f j4 ^|jj) JUJLU jA Jl *UaiJl J_J> u^^-Vl 

Jf 

4aLu 1I <U*i oLj ££JjAl J ^plj . (t J ^ ^ , Y 

(J | . ||iiij I £ tJfl W.l I 4 ^JLa«j^[ I 

1 d^JUo iaiJ J 4. : :tlJ J-l JjjJl jlJLu ^li oj j+p by* ^*AiVl Jj£ 
(Crest of the waves as function of time) i^jJL olJb JJl i*i U*^ 1/ 

. i*jj./»'l «bj{ 4yiiJ ^l*Jl j£l)l (_JI Ij 

; (Heavy voice) iL2i <u-*j £&} jU p AJjJl J^-i — LiU 
frljjjl J—p L~^J (w^jJL^a ^-JL 4 —*JcJl oJLa ^LzjL ^LJ 

,Vo iJjl i>iii ^/iVo^L-Vl i<Ju cJl5j (Semi-trained) 

cJjJs ^jp jbJJ J**>.l I Jai-| *X*j^ , 0 <Pjp%*Jl j I <U^jC A>«Id j-S't 

4 .:JL JAtfJI j ^tfJl A&j+jij c wl^ J ^ UfcJJL a jA a\s6 > J A j % ll i 

'j* ,t isrjI ip^j iJlill ^***/> ,i Ji-Jl ^^rr*JJ 

Jij .iJlill \ • * * / ^ , Y Jtftf.ll 4PiJlill jj-4 \ * * • / \ 

I 3 * ^ 11 4 J ^j^Ltf^a 0 j ^ >»P ^y iJ b j ^U-l d*Xfc ^ A^i j^ t /3 1 1 4 yJ I 0 ^ i^y *I 

NTt 



Ji J VLrrf Oi? a--' Or 4 * (^ 

I ^Ul ^J^-iJl <3 ^ ^.m?Ij>* 3 j~+£' (3 Lil^*if 


(V.n^j 

a**aJI ^li!| Jjlp ^U<ijl S^Ip j aJj./ aS1 4*jjJl a>% zi Ji£ J^JtJl 
<3 (*“®J <3 A>AuJl (j- 4 £^L?J • 4. /itf>t*A 1 

a**aJI il j>*£ ^ -a *S ^_i j*j of Lit ^Ji (f) <, (Y) j»*ij 

; (Falsetto) 4^i>- 4*Ju 4~Jl J^Oi — li)U 

(Tenor) jjJ^Jl Ai-k ^ aJ y+p ^jJU ^jjc« AoJcJt oJlfe ^-Oib ^ 
jJUj ^51^ oJjJLwa 0A^JcJl oJlA Jju j iJj^aJi aL^a*JI iij 

3], ^ Oj-IpI Ji iHUr.J frUajJl jJUal^l A~J jli i A^4-CJp 





. 4L2.il! <uJoJl ^4 iS 1 {j* Jif <uJoJl oJLa ^ iS jJ-l of ^f ; ^ 

I jJC Ja>-N Jaib Uub <JL oti (Waving) oLJbJL» *1 aL£j ^ <uli ^bJLj 
4 «mJj 0*> / S YA* iJli-l ojpft ^L-Vl C—>15 j frUaill J 

i~JJ (^L Jii <bf ^f) (O , •» (Open quotient) 

JUp i^l J1 Ja-wjJl Ja>- iiLllj * , t (Speed quotient) iPj~Jl 

iJliJl ( j-4 \ • * * / \ ^jA ,t ^aU ipj^Slj j vfrgiL * , Y*Y ^LJ iJU 

. iJlill j-4 \.**/^ ,^o Jiiii 4Pj~- jS\j 

*J\yj> jjA aa i JU+* ^yJLj ioil! of ^-^i iJbJl ilU-l eJL* J Lf 
l^f iJlL^I i-~J JaJwaJl 

: JUI JSLUI J jJI ^uyyi ii^J 


(A-1-1) J£0 

io-ij ^bJ JlP ^L^jf oumi <j 40tll i>tI3 JjjC JSwJl 

(f) pf; (f) (^j J 0)(^j J J^Li ijlifj 

. a a a > jl I <uJ<Jl jup 4 : ;iJl i3 'j->wu ^ jlS < _ 3 



NY"V 





A i^3d>fc>ll A aaJ I ^lljl X p O ij^ 11 4yjJ 1 4S" j>* ^ ^ ^aJ I 

. iJUJlj 


— H 22, H 23, H 24. 


>TV 



gp&\ iflalU 

(X-RAY MICROBEAM PHOTOGRAPHY) 

J (Microbeam) iiJjJl iuiVL ^^aJl La ^j£j 

4j I JtA ^ jtp- ^ . jiaJl *LapJ olS*^>- 

• lS* 4 *1 (j- 4 jlg^r' Aj&iJ 

. ^jm S| i*-if jJ JA \ 

. jjjil £jA iuiVt ijfai _ Y 

4^j| ^j*-*^* (/ jy — r 
a^p-f ^ ojij l5oLjJUa if 4 JJb-Jll 

. Ji* aA^S' jj j»/a~\ \ 

(Generator) udjLl — ^ 

fi 

£jJ tlr 4 * til J ~*j> (JjjJjit bj$^j 

I Sljll ^*£*7 ^ C^Jj ^U-jJl S^L ^jA 

Jpj ^j-SUl J^f <Jj .-Jjll <Jpf J <J JjLi« JjJ^ yi) Jl 
# / 

jjC LmJ^La^ ^Lf oL^^j oLiL^^ jLJ»1jw» Jb*-^ jJ^il ^--jIp- 
I <ww»U-l J-^aj of ^ioil ^jA ^U-iJl 

oilp lp4 ./alj . iJb^ iJlp ojl^>* ^ .. rt' .i N ^ £y ^jA (^) 

I ^jp JUil . <^\jj^£S\ ^j^-b 

Shigeru KIRITANI’s, «Articulory Studies by X-Ray Microbeam System* in Dyn. 

Asp. of Sp. Prod. 

> YA 




£UJJ! Iji LaI 1 Iji ^Ubj ^j-A Zji j 

. V jUl 

(Detector) :«—<Lil£Jl — Y 
yJ& <J °jiy& ^Ijil .wi^l . ^j-^IaJI 4—£aj ^JJl ^L*jJl ^yaJLo 

. I . ^jLhwjb I I ^|a«p« ^ 1 l toLft 

. ^jjJj-^aJl 0*) Lt ,..., t ^5 ^ £jJ — \ 

. (Photomultiplier) iapUsLa i*jj( — Y 
. (Integrated circuit) ilalSo* S^ib — f 


O-V-b J5Lt 

v —.Sy idj j)p (jNjj 

4aJ*L jty *asJl 
£fJJ ciSJoJl ^1 

Li <mJJL 
. ^j—5*| <*-*( jJj^» — ^ 

• j^Y* ^- dl ( f ) 

(_r*=kt*^ (>-<) 

. k, . tftll oLafj ^-SUl (^) 

•u^i ^ - Y 
. ii^ii J-i — r 

. J ;5: ., U _ i 
. (Deflection signal) SjLiJ — o 

.JjJ&y ^UU - 1 
.^yJl iiU - V 

. U-l l$*U jia^-jj (Intensity signal) 4^iJ! Sjli[ — A 





4 JL. fr ^Jp Sjlil AjcJjVI JJcJlI ^yjJbo ^J^L) ^UjJI jjc LaOjpj 

. l^* I ^ j I4JL4 J aJ j y*& 

(Computer) ; v-^U-l — f 

La^La»a 4jt |^S" t I 1^1***^ ^^ L m«iU-1 

jl^>- £® l 5o^>-l ^ ©^jlj jojj^aJl ftJ-i aJU^U ^y>-t 

. (EMG) aJLaPjjp^JI oLS*jJ-i p--j JJLa jjj^azil 

# 

. L^J j*jj LaLJLp j~*j I JL>- o^Ip o^lil oJLa o j&j 

:Ji4v_.iU-l 

IfrsAJU 43^\p i— ....—>- L^J^Jj 4*J| o^jljJl 4jjUJl «431 _ \ 

^Jp 4j>wlJI frLLpjj 1^- 4-^> ULI I j oL-jLl oULaJI *■! y>-\ _ Y 

4-JLftp 4..1ia:,i La i_..«-.>■ jJ^IL ^>^11 ^mJ^LjJLI Jl>tll oji ^_^L>*jJI _ Y* 

, jj j^aJ I 

4* .t. a 4*^2 Ls<?j j j j 4JL>P of of lo* 

4*JLp f-lJL pj . e j±y *aJ 3I jil L/® 4 aIi^- (Jp (Pellets) 

^jA 4PjJUaa OolS^ U.J I o*XA Jj^vj J^*j) ^ J ^ ^ 

. L^ ^Jl Jl£ Js>jia>- 4iJb ^Jp Oli 4 jcJLa S^La 

; jiy* a^\ ^3 Q 

Lj^a JS^ — *i c t 0^ _ 4.a.«il l jJ I 3 Op oLp C . •■■■■. » — \ 

. . . (^.".4.«.l1 I j viLaJlj o LJL) I ^|p j^ ^ LL a r 
U*j v_AjVI <UJaP (Jp jf JpVI cliiJl (j ^jw>LaVI u )~~UJH iS 

jUjVI ^UJ ULjc^I jJl oJla 4AjI?jj . i£j>A .J <1nL|L5 j^p ol^j^ 

Jic- U-Ji jJ' 


NT* 



. (jiaJl ^LaJI US U-kj bllaJl 4 jLapV JL>*Ij — Y 

JjJl 3jj-^aJl <j j^JaJj . ^w?jJl \Ja ^Jp *Lap^J 3 j j^p A-yj 
k» JJp iS j^-l> pjfr'b*' Lj lb s. Jp ap^^II 

,l^3jVI ^^3 jf jb^Vl bllSl ( j-*fjJl 3jj-*a 


. 1$JLp ^Jl (JbJl> iJfrbapVl ilj>wo fUll -UP 

J>-b) jj-^' <>• Jj . bbl J b^l ' * * jM* 1 {j*u 

olib^a ^Jp JaJD ^Jp ^j^jj^Jl j$ ^ (OljlUVl 
Jp <jyu> Jjo (x co-ordinate) bLJ I oU^^Ji J 

JiJj 0>0l^ ilw> Sjd aJl bUp . (y co-ordinate) ^TjJl 

<^y*j S^Sl j <*ib bb-nJl ^jp 4^UI Ij j*/3 1 1 


JjU; ik l4j JSbS Jp ^fj J5 3 jj-^ ^fk; biUJl Jpj (Real time) 

^Jl (x co-ordinate) ^JiiVl ^ylJb-Vl J^ b*- 4 i^-Li 

^jLi J£i Jp o^S'lJJl J jj^aJl ok* . (y co-ordinate) 


-L)l 






• Aj j?ci\ Q 

bLaJlj o LJLH * J>-t >—iii£ ol5 Jp oj^S'Jll jjj^az .Il ii j£ Oj>- 
Laf bLLJi 4*JJl J (^(J“*0j (^) tjSai ^ktill ^jA ipj^jt (jkj JlP 

; ^kliil oJLa 

. 4ia^Jl oi5 ^J-l ^ 

. (<>*I3) (a) aS" j £-1 oJju ^jS’b ^ ^jaa* _ Y 

. (3 J~£ (i) (u) 4^^^1 oJL*j ^5"b< _ Y* 


(J oOjJP a 3U? ^ _ >JJ jliT lij c J^L Jjy* <—■■; j (^) 

J jlj - 4 y »^ll ^)-ij _ I JL3^> J^Ubl 0^ *AA# 

. ij>\ j i5J^ ^ ^ 





iwcJj aJI jl* Ui*- 4 ^ (j-Jj ^tUil eJLft CJalal JlSj 

. ojJill oL U Jl aJUI cJl^-iVl . 5-Jli ap 



jj\j cJL>-Ijj OLUl ^ 4jtllP s>\^-\ <Jp 4*.til jj-'JJjJl ( f ) 

.L-iVl <uiaP ®X>-ljj »Vl ctLiJl jj Jjy-UVl 

<j 5^>jil Jaa Jl LgiUaJ <J ^Jl oNUxIl o i t (,¥ i Y t ^ Jl^-tVl ^Jix ('—') 

^aiJl JjLJI UJJI ^iU- JSjlJI J (u,o,a,e,i) ol^J-l xp ( f ) 

. ej^S^-iil oliTjkJl xp Ji—11 lL1a.1I aSj>~ 


srr 






(r-v->) J&- 

JUp <1 '\ £ *Zj jLJJI (<_>) n 11 \ j£~* *jy& 

^Jaadl JasLl ill* (u) iwJl iili-l ‘Sji~ l jkJl XPj ^kU'll ji- JaiUj ilii (i) 
j 4— » i M JLSLiVl j jcS’jJ-l i^U-l iaiJl JJ^^laal-I aJU C » «...«j Jij 

i*- 111 cT-Ji^ 1 Wl» J 11 (V) f-fll 

.^1 £l> Jir J£J1 ffJ ll rife*-*. 


(t-V.\) JSLi 

iJl >dl JJljj a-a JA-Jl JSLUI 

(^r 1 ) J *-^ 1 J ‘^J 11 





(i) aJLnaII <L»LVl iS j£-\j jup oUUl IJL* JjLjc 

^Ji latf*.ll j*-> 4j( (u) 4 aa1^*I aS* j^\j 

L^i?i Jai'l <Jp J-^a>«j {j* ( 3 ^ (jk* 1 " -Up A » — 1 

.tf>L jkJl xp jLUl 

* * * 

uie cr^i ^ J* 

i ^/3 I jjixJ ^Uj^Ul O I >Ar P j|jj l ^ ^->4^* I 

^aali ^aj JlC <j oLj ^j^jJl ^jA X>-\j <Jp ^UsoJu 

.(ka) 



IjlAj AjjL—JU UL-^f aJ^ j]a>- C4.^ JU^i 

Jai-I ; J^jia>- 4j^j ^ Oj£a ^rji <Jj • 




JajaJl eilSsJL JlP jLJUl JiCjJfcj 4 

JasM Uf . ^laJ JiP Ji£ <^J-\ 

JJ jUl! J-^Vl ia-^ydl JaiU JiCj . i>*li!lj jkjl JlP jUUl 

a JUju oLS 


. cLUJl <£j>- Jjjr^) <Jax>(J— 

(t) <J'J J*' J1 ^Ui oi (o) jf p-jl ,>. l 1 ** « m i 1 J 

T 4 ; »**'■■ ] (T) ^JJ < y ~ ‘ * ) (f) J*ijj J^f (jl ^ 

a>caHj {jlaJl Xs> l»f .(jlaiH JUp dilij Y ^ Jif (\) pijj 

JSj . jjlalJl ( J-3 4-J^Vl L^pLUjf Ojjl£ C«i a *.ft JLa3 

ApL-j lg-U +&y . Jai ojj-^3 <J (j* <-^ 

4j^i tjJUJl uf . OCaIIj ol^Jl *J9 A.^.n.^Pj j jLJJ iijJL* 

ijj~e <j _ r flaJ (1 Oyj' J* aLLJI ^ ^flaj 1^ I j~S |i 

J^J' J (sa) ^LiiL ^UU ^ jl jajf) (sa) ^Jaiil i)U- j o^$is> ]&*- 

.«t> 


Lg*£ o»i*> ^Jl pLJJl ja4j c->U aJL U^toifj c)Vl j 

ojlAj . aJULJI <uAJl j Jb^J ^Jl ^J^Ull ^ jaj! ~Up < *J t»ll 

; jt Lc y?+£ ^tUll 


‘(CcT-) </ ‘‘ 


aL jf c Oj y/it £—WliU L-JC^ \ 


cLUij . cLU-I cjaJL^j oLJl!l «u$ ^iJL f JU> — Y 

-Xipj ^S'UtJf l«Xf« ^iaJl j l>p 0 LJLiI ^w ?j^ 

.oL^UNl jji 1^ jkJl 


«A* eJLA jf ij fr^jliJl ^ ) 

L ^kJl £*0J U^-J JU £-m*j oNU-l j jLJUl ^J>jj 

. is*^ij 

NtO 



t(t) j y-j ^y* j (k) j 6y> ^y* ( s ) ^ — 11 - r 

. LajI jAj 

(u) iS 1 jt (i) 55 j^A J-3 (t) Oj-naJI N 5JLUI 4-iJJl <j — i 
jkJl jup 5^»j53lj 5JI j*}\ eil53l) 4~J> yt>j (c) l ' jj. s»] I aJl^- 
( f (j) (ci) X><j l-iAj ((viLUS^)) Ji. (J iiijil i.kliJ.1 

.(tu)j (ti) Six (<-*) J (cu) 

^ (sj) Oj-^aJL; fx; ^Ulic U> Ji. tis-jijll olS^JJ i-JL _ o 
J iJMlJl J»^JasLl X-f jt Ja?-%j.(^J) (sjo)j (sju) t(sja) 

ISjiA ^ JjVl .jJLt ^ ( S ) ^LJ! Jit ^Ull .Jut iJUl 

.jliJl Ji£ >>-Vlj 






0-V-\) JSLi 

jkJI jl* jUL)l jw ^Ulj jUU J^Vi £^)l Jtf U.u4 i*** JJL J»>*■ 
JS" j SjJM i_JL dUij . iS^-l jkJl x* jw 

NTV 













(V.V. \) JSLi 

olfcjll J ^Ull Jd 4& J + j i lUilaJl UjU^II dldU ^)L kjL-w 

>rA 







(A-V. \) JSLi 

oUi^ll j jt Jii JiLJl .bjh-H U iCU JJLj bj)aj- 


. ol£eJUb <J 


\r\ 














J1 (Tc >) UUU ^jj^l (ta) ^ladl 1 ^ frUi ‘ ■ ^ ’ -^ \ 

JLii (dtitT') i^JJail <j b#f .jSJb ^UJjl Oj^ ^UVl 

. Ailll jLJJl ^lAJjl £* j£ 

^1 ^y^s* 0 oLmJJI ^_4 jjl (ka) 0 ^sl^JL ^Jalll -Up _ Y 

i3L* CJ15^ ^UJjVl o* jJLi (Y)pij ^f^l CJlL Oij Jpf 

. 4 JLJL 3 <Jals*-j ij»Laf «*> 

^Ja ill <J jjs—JLi —Jl -UUP ol—JJl ^Jj-U A-JjLiC — r 

^jJaj JLp oLJUI v—ijj^ ^LiJjl of (ta) ^jadil <j *ll!lj (sa) 

.OwJl £4 414 J6\ oLS' 

•jJLlij ,(u) 4 J iJUl awl! I A*-<iJl <Jp jL*-Vl 0 ^^' jiau _ t 
^Jaill <J 0 ijJaJj (ku) ^laSU £4 A^.^alS JJuil Ja^Ll AjjliLo ^ja 

. (^ J) ( su ) 

viL j£~ <J ii j*j* 0^ *■> Ajjli-Cj 

. Aj y >%*} I 0 jup ill 4 ) 1^ oUL! 1 

aL lw ^IxJi -Up oLJJ i |^-3 

,(ju) t(jo) ^ a>j,> 0* olS'^ (i) 4(e) ,(a) ,(o) i (u) ^ aJLUI J 

AJa^Jl O^L-S^dJLf* * L^' A>-j1a 1I ^4 APj4XC (ja) 

^jJLlb LfO Iji^Ij ^yJL>j ^ y~*,^ 1 

(ga) ,(da) i(ba) t (sa) t (ka) c(ta) t (pa) ^Ull Ji£ ^Ul («-») ^^1 

.(^-V^ J^i)(za)j 


^ C.T.t ^Jl (o LJJ l (jj 4.. ft ^»l .UUJl ^jA 4 I X6j J5 Jli 
• (J1 jjpf ^| l x**t 4 y W 4 ^ ii» l 1 



jAj x Jufi'j JaiM k£«)t “^'J 

C*ji ^UbU o\ —Ul <J U aLa> ^juj Xs'j . lJ1>JlJ ^>-ijiJl j\ r UbU 

.JaiLl cjLUJU lgjc>-ly XPj JaiLl 

frUlj (p) aUL ^jiaJl JaiJl oJLa <1)^/1 jjliJj 

JaiiiM ^ til ^ ^ ^jJaiLl jl~*® (0 

ja *\jpJ JUa iaiJl U jUt dWl 4S> Jic (1) SLfcJl ut 

. jUUl 











pLU iJLJl JUp L$.« o(jb ajjliil LLp J^fj 

<j* OY) J* i$f tSo^L? J*^ <_!* 

t(x) j^laiM ya JS“ l JL JL*j . ^ jJasLt ^jJL |i..»ai ^Jl JaiJl 

I ^Jj U Ja^^L^j I JaiJl ^ (y) 

Iflll^ ^1 laiM of Ja>-^\j qUJI S 4 JLLI ^ ^ J pij 41a i 11 4..» J L __ \ 

I Jpj . (jLLl <Jp )a£-\ <^p) \ < 4 r K+0j y& lj~^ 

<j aJLp C*Jl^ f^P j>-tlj jf ^JLiJ jf ^aa>OJ jf y ^ 4iaiJl ftJlA jf 
y* ^Ui JaiU Ja-P L~>* JuL-f Ji iLli 45* (JLp ^ LJij t J-^Vl 

. 4 

0 IS" Jai-I jf ( ^ pi y L^lijlLa JJIP Ja^-^l> (Y) pJj 4 la Sill 4~»*jJlj — Y 

. Jaa3 ^ju^J ( ^) 4 pILj1 015 ^—jVI Jai-1 ^Jp ^L*3f 0 4 pLLjI 

OjuJjI Ji (jLJJl Ja~*»j fti y*-y*) jLJJl ^P 4JaiJl d jL a jf UlAj 

IJUj ((^iVl JaiM C^) >- J| Ja-P Jii X JaJ-l Uf . 4 -Ip cJlS' ^ 

. i_il>Jd y J3 jUUl yA 4jaiJl oJUb jf 

^LaJj^fl <J ^jJU ji JaiM jf Ja^-^\J 0 t £ <,Y pij kill 4.%»oJl> __ f 
oJlA jl IJlaj i 0 piJ ikiJl JlP %Jli JaJb t pjj ^Lli 
C~*JjjI J3 (4iykj 4ia->jj jLJJl Ja~*»j lj>-y*) jLJUl yA JaiJl 

. bu> 

f ^ JaiJlLL (J jJCj jl 4jwij jf Lijf Ja^-*^ X Ja>JJ 4.^,oJUj 

. ^j>-l^o jf ^ Jio ^ 4jf ULj 0 

Jpf (Jjjf *—iliLl jf ^LVl i] j>%zj ^ jLJJl jf IJla J5 


y* (\ Y) ^ij *daiJl XS'j , J qAj oL »* * A a l y]a£-\ jf (\) 

jp (^ T) <laiJl Xs> ajla.-ll ^ajjj • (p) JL>«j j—^ jJL*Jl j jL-J^ 

. (ji—Jlj j H) jciaiJl Oyl* jp o^Ap L<w?j Jij jjLJij Jai-I 


\u 



^ IJp frLJb (jla lllfrllif 

. jLJJt aSj^~ ii^p Nj ^SLj o^-n^ aLJI OV 

S j l a **» n . frliJI Lc frUI 5 OjliiJ 

^jJUJlj JjLJI (j^SiVl jJasUl Jp jLJl ja (Y*) jip iJU-l oJLa 

. JaaJl <-&£ J jUaiU ^Ujt {ft ^ (X,Y) 

015 4jV ciiJSj . frbJL ^jlalll J-J (JL>- U05 Y JaiM 0t Ja;>-}b — l 

# # 

4joLmJI a>wa 1U ^la.ll «C^ I JbJL* Ua U^ ul o L > il l 5 

^>- ^liJjMl <J Jb4 Js JasLl lJu ofj ((pa) ( *Jaill j) *Ul J £■ 

jJCj ^ (X) JasUl l»t . *UU jkJl *Uit ^aSf Ji 

. *Ul Cj aJjl Jb jl_U 1 S » of \X*J . ojL^a 

^LaJjNl <J l l^f Ja>-^i 0 fct tY* tY ^JIj ^J-Lo — Y 

lAjJ? 0 V kiUij (0 ilaiJl JLp) OUJI <J eLait 
Ji YLiJl^Y Jail -1 £jOJ IJUb Jp Jjb .SiUl 0 LJJ 1 

JL5 <uf Ja^-^b laiJl ^-*aj <J X JaA-1 <la>-^\jCj . 0 JU Ji r 
j I A* ^Jp jJal~*»l ^ybVl Jai -1 jjU^ ££jJcJb f-b 

^^jjl Ijjb ^p ^5bU ^jjjj Jii 4 jI IJu&j .o 11 tT JaiJI 
t-JjJ? ^UjjI O^AlC <jJaiL| ot is^tAs^lj . frillb (jiaJl AjI^ ^>- ^UVi 
4lai» ^*aif Ofj (X) 4jJJl 4 aJLaJj (Y) 4,ia>*jj 41 a Jju»j QL-JJI 

(J 05 ^UbU aJxaj of, (® ^JaiJl) ^laJl C-J5 

frUJl Of jwJ o * jua ^-\ 6 Jlaj . (0 4 £ ^JaiJl) ifrJjiilj jiaJi 

. i*Juil ^ o^JaJl 05 4iUlj 0LJDI 

aJu~*j ^UU (4aIp 4jL^aj J^j^AI Jl) 0UaA-l l}frbJL ^jlaJl JL*j 

J JjAJl isJ5LiVl fii-A <-aIjJLi ^j5-c J5Uj .IjJLj ^IocJJL jiaJl 
. (_$ j>-t jf 4 . u . n .4 5jl^>i _/>-! jt j -Up 0LJLJI 



*. OV» Ju|J^\ ^ J* J Q 

f^y^cS I5Ja^I jj AJftkJl o L J Lj JI <Jp c-iycJl Oij-^Vl A^' Jjl>- 
(Frame) ikil Jl>-L o^U OjiiSb Ijjl5 ^i5Jj . JjjI? -*4* ^ a*J*1 

jl5 llj . U (jJai JlP ^JJ iil^la.«ljj (jJjl^ oO>-lj 

(^1 (1) jJL II IOfe ^4 Q^ UyUwJ i JLw4 Oj^^bJl 0il3 4Lrf3?4 a JL »P ^JjjC I 

jj *41 1 aLL Jp IjJUa^- ^-5j »,<?« 11 (JLojc^I 

1$JUjC^I ^Jl S^£>-Vl JL>-V bL^j JLaj |^3 jJw^j . jU- 11 aJ5J| aJLjJI JJLc 
l-Lfe <J ^jv^lfe ^jjjIij cil v of i^lj^ ^ Oji>-bJl 

l g n o ^jjl S^UJ j 0*155 ^5f JIIm»j L_iLii5i ja f^Ajf <Jl>*il 

<3 55^>*ill *Ij^VI5jjj ^Jp jpL*J JjL^j l^UL5I ja l^jlij 4(^>-LJl 

. aJL^P JLp *LapVl 

* Ajf ^Sbb JjVl j-^VU \^ 

of A^iji LS%f^\j Ou^LJJ N^Ul JUpVI JS\ j* ol5 - ^ 

j^a^j LjJUL^ f-> 4oJL>-Ij oJL^-Ij 5jJUl l ^jS L ^P oil I oLj j>- ^jPjC ***j 
JLp 5yj^i 1 lUpVI ^UjV Alidl jj^ 4Jb ^jJjCj |^n3j . L^J^JJ IfyaJLa^ 
5>wilj li?j]a>» jjj SJL>- ( Jp J5 JL>-L of vJU>-Ul <Jp 015 (jlalll 
03j , ^j*5| Ajw>f ^Jp jOo be frL^pVl ^**^jJ 10 jOs£ ^/5f 0j5b Ifclp 

ill 5 p j--- of Li ^p lil 1 oli*j oil* L» ojLjJ a J L uI I jj-/*J1 0 j& 

Aj I 4 O a ) Ji A*J bJ 1 ^ Oj j «^ ^jp ^Ju4j 'V 03 bwywJ 1 1 

oUUjJI oJla A aLjIp eiL^5l oj^J i5Jl <Jjl>- 1 Jla J^-f 

i j£sj (J* ^«.<o5JI) Ji*Jl cjL1j 51 \^>"fj .a^jJUjJjI 5JL^Jaj aJUII 

4Jbjhe> i. JUt2 j (jf life 1 yj . oUL^jJl eJl^- ^LjjJl j aJLojCL^I ^j^O^l^LJl 

oij . LJj jiJlSb IjL» J ^^^Jl <^>L>«jf j 0 jJUUJl LfriJLi51 

obJbi ^\j (Projector) ^jP jbjp- 5JL^k]l ©Jlfe j IjJLjCL^I 

5JLUil aJUi^JI jj.y 3 .ll 1j^51p JSj .jJw? ^-^b» Jipj (Oscilloscope) 
baOlPj . ob JbJJl |t^*>lj A-iLi ^Jp c (^j^~^l JL*j oJ^-lj Ayfelalli aJ U ^JL I 
55 j>Ai 5JbU « ^ju^bj (julil y.«.«.*<l^-1 jJjj A^b^l Jp5yb ojj */3 11 Oj^j 



®jj- s<aJl ^ Jjjj jlSU l$ » « ^ of Ju?-LU (j^-O iJiLiJl <Jp 

J5Li 03 JjA. jj^ 9 :l cJLm^jjJ iaiJl cj»A of L^Ul 

^L^jl ojj^ 11 oy£ |*«j . A^ilaJl aJL^wJU iS^bJi oL fr U ^ > pVl pt j*/in\ \ 
(JjVl» Ja 3 U 1^ j*J w»U-l a^Sli Ifclp JaiJl 

l^J*-L*jj a : sL« 11 oLJL»*Jl aJL <Ju>-L!l JJiXjj . o^51 JJl <J oj^-j 

4-^L^o \£-y 4ix**>ljjj . olll I J^Aj . 


C-J 15 ^Jl ^SLJl Oj JpU.} frL^oNtj IfLU J 1 ^ tf/< .,< 3 ~ 

.Nljl? (j«-> 

ojJujcu^j oy^LJl ol5 Jui t^LJl j^VL (JJLjC j ^5 l*f — Y 

_ JJ *J> ^oJl .j—5s_*J oL> (^JbJUlJ vjU>-LJl 1 j *lXj 44*33 4—«,*. a S 

J^jCUJ 4a*Lo ola — pjjUlo^lo A : ,4,L«il j*-A*L<apf Oj—5L j\ 

jiy-P^ ( jw>- <ilSSj — ( j—51 i>wL y JU j^-s^ <A>-f JlP <oIp 

i jJujc^-Ij I jy^\ Cjc^i jiaJl Oy^ <jp IjJjip Jiij . ^*>15^1 iip *LapVI 

. *^Lij j*5f jf AjxiJl i>-L*^a J ly^o J5 6w> <LiX*ja JpUj ly ISL> 


. ~Up a5 4 JLL 4 JI 4>«-**jVi jya ^5L«f ^Jp JplijJl o-La 

^IxJi X p ly!5^>- Ajli 0 UaA) ^JJLc oXA 0 - *j 15 lij 

• ^ L^-Ip c.ia^J ^Jl frUapVl o 15 jp>^ 5 ibjf ol5 j^\ oJla jLzpIj 

Sf 

t frL^apVl LXijf jJlijJI oj-A c-j 15 llj 

^1 o U UjJI ^5x)I ii)LJl iijlaJL LA ^Jl 0^3 

AjfljjiaJl oOA ««,ra A > 0*3^ ci ^^apVi c—All^ Lj- 

IJla ^ ^ >o (,i^^53l o*^LajJl JaLiJL 

(j- 4 <lf j «L>j5i U La JLaj of ^y^riJ • 

J1 IfLyijf (F.M.) iUww. J S:>lil 

. i^ljjJl jf j Ly^a ^ oy^ A-^gJj OljLi| 


— F 10, F 28, F 29, K 7, K 8, K 9, K 10, K 11, K 12, K 13, S 13. 

uv 



(FIBERSCOPE) 


*Lif I oJUbLli 4i^k \^A 4Jm*» (J 

^ ^>*11 IJub ^ju • iiLLi 4*>-l^j y* ^ y * s2 * 4 la «*ljj 

Jjlp <^f J^jdl IJla S±J Jb£ jf dji ^Vl yS\ Jl J-^aj £>- <—iJVl 4>*li 

OJJ .1 (Jpf <ukl4 J iJLkill *LaP-Vl oLJ L j o Oj3 Jj -4 

^ 1 aX *0 4j3j jh} 1 6 «kb 0 ^ 1 l—«i ^ of 

. L^JLp pj ^Jl ^JlllJl < 1 )Lj ^ aJL^jJI cSa £ 4A-lil Si^kJJ 

\U>U AAjl'jVrlS - hj\ 

ij* tj-^aJl L^lJL^-J iiUjJi J*jOM ^4 uy^}^“ ^ 0j&j 

L*f . JUblJL* ^Jl 4dk«l 1 ^ 4j ^ (4jjlkj) jJL^« 

<J ol(Jl 4skill oJLa J U OJJ-^ JbSiJ ^^>-V 1 I 

Uf (Light guide) *j-^aJl Ji j . Lif ^y^jU-l 

Sjj^oJI q^jJ^Iiuj .(Image guide)Sjj-^aJI Jii <*y>~ ^ 0,^:3 SJlill <UyU 
oli»j^-l l^a 4 ^Lj-jJ 1 -k^jLl iJLLi ^JL^>- _S^i^iJ^iiLl 

4<j^k £-s**j 433 •JJ-^1 Ji — 

^^--kJl . yi^l cJjkJl ^Si^.4 ia>- ( J^ J0? Aj^aJl 

Oj^j 'i/ Sjj^aJI JjL i*j>- k«j^ oli iJLAj . (jciu33 ol^J^l 0 j£j of 
liiiljJ liJli (JULj , oYY frj-^Jl JJLi ij*j>- lLU-m»j S 

• tj* ^ L (^) 

SAWASHIMA, M.: «Fiberoptic Observation of Speech Organs», in Dynamic 
Aspects of Speech Production. 

.OjJZs+a OjjL jill ^■ ^ ■ j . r ..« l ' ^jA t.\p~ <—iNi” ’ijts’ {j* 0jJ*A\ (Y) 




JL>-lj ( -- ) ^jP -bjj ^ JaiLl lip J jb jU \jla Ua*>- 

^Lj ^ill JaOM oli <_£jj>-f ojLajj c^aJULLI ^ OjJ-* <y* uy^J 

Jij . oY*YX <jp UjJj Lc <jo^i-l Jl^aJL jf 0>-lj ^*JLL* 4j^U 

* Jd jlji-1 ( »^waJ J J 

J ^JJj^ <jo j^j <joJLii c^jfj ^ ofcuj^-l (1of — ^ 

. (jiaJl a JL»P J^-Oj J j$j jlf 0j2 Ja^jJD OJjVl 4 >Ca1I 
. I^JlU v!^>ij ^ t d l OJ J > /3 1 1 0_j^* of — Y 

J <>1 *^>pVl v^LJLqa) <LJl^i4 jy^> Ji <jfj IjIS' . /> 1 1 of — f 

. 4-jUl (J (ojj-p) tjlUl ^ * (J! 0* ^4 4Pj-^ ^dj-^ 

. afjJj SJb-jj <*_i^laJl *4^>-f Sfttf ^ Oj^jj 

:o>Jl (t) 

Jj3jJ 4jLjO 4 »mmOP 11 k^»J J OjiJLlwJi 4«£>-l^£>«ll Jfr ijfQp***- 

, Ji 4-4^^ (3jjta J^ii Jp^ i. <di> oj^ ^i-il 4 Pj^«JIj jj-s<aJl 

sijil (JJ. Jp U jy^. jj! ojj-yall Jij io^p- i—*uJL J-^cij 

4jj1j (J dJUL* ASJadl &ip J JL>-jj 

. sjl>-j Jl dJLUl lip *j-*aJl jl.j1 

: U&-J (u-») 

(J 4 *la .*>ljj < ^^X ^jiJl j*^>*Jl jiji Cf* lip OjSo 

ol^t (J jijiJl dL j£ 4ia-^ljj p-£>*Jl lip pJJj . i**Jl*Jl 

*ji-lj i^-ull J5 (juj 4lo Jai jj ^JLlI OJLLJI ^»Jl>«j >1 jf 
UaJ li^ ^3 > >*<li>l ot^'yi J ly ^ ^^0j . Lj»- la.>»il 

^Jl JpjjLL 4jL^jy8 0jJu^ i> jUaj ^p SjLp jPj 

u<\ 




('-A -\) J£i 


:( 1 ) 

. <L-jl*JI — \ 

. Jij _ X 

. o jj-^aJl ( Jj3j — f 

. £l> ciiu _ t 

:<V> *>*•' 

. o4Ujp» — ^ 

. r S^J! 50>.J _ r 

. ijjJi — i 
. A^aJl JJD — 0 

. jJUaj _ 1 


:*•'>' (£) 

jiy^ jff>« Jof !^tj o* '-»J «'.A' ^>-y 

# 

^ IjUp| ^ 0 * ^4 laJalL U ^JlPj ^oJLU \ *\ 4** Li* 

; { j* j^>»il ^ja ii^j ilL*j , oliJl 

^Jl Ojj^aII 4>-Lw»J (VF. 5) ^-oJUU 0 Y 43Ja*^ ^-J> ^ 

. QjA JU-1U *\ x 1 jL$^r 

> 0 - 







. gs l X i ijj+e Jii j (VF. 4) JUJJu - Y 

4j £jj OlS^>- i-ilj^ (_j j^a^aJI » . * ,«->J 

«JLft J* 0yw5 -U-L-jj t^Vl J j^f isl—« J[ 

(J Vl ( J—V \jla-j <i|_j js^JI j_$>*ll l»f . 4_.l />»l l 

. ^Vi £}>JU2kn 

<-»^kJ (*-**^-1 <j JJlf ijliJl J U J-L» t 4" — Y* 

. kiJbJl -**'I j~S”f 4.rfh*^ (JL^pjJ dr* ^ <-b^' ./P*^' 

lJUb 4la l $JLp J-n^>o jJl dj j-ya 11 i>*Lwa ^JuJj 

o jy*0 4^“L***a (3^* c3 1^1 

^ * 

ol <jli)l (j a^p (J >W <^a)I S^LjJ ^y^j 

jtj (ASA 250) jA ( j^ l>- JjLxjc LA-U^# jJl iajj-i 

. (Xenon) olj V* % # 4J^i jL$>* l3 

jLwcu*#l #■ 

ji^^>. fj* Of ^Vl ^1^1 J _^*«ll Jk^ij Jj 
j^JlioJl ( j~Jj . ^yijVl ^jaLJI kjU-j j-1jjiJl llfcj—£j<_$Jlll ^^kli^l t LjjJD 

• cM -4 ! J' <a h ' ~ * (J ^tJJy* 

iSy^^Lljf pjJJl) JaJI pAUl iilal« jJcZ Nf J-^aiVl j* 

*}hiS U Oj^sj N JULJ j£ ^JjP iJlA 

. ^yuJaJl ^#^$31 

^1 ^Ijll Jaj (f) ( Y - A->) J5 LlJI j^kl-^jf JaL ilLfcj 
y >~jJl < — fliLwJ l w_^jL>- oJlaULo j£jC ft \ 8 4 U 4 JI JLpj . J^»xil 4 jI^ t^-J 

fAjii] S JJ-^ (^)J^*-ff J-O £|j^f J*-*f 

jlp ^1 jilt (j-iJ -^r>» oJla (ib ( e ) ^jkJl OlP Ju^\ 

(*—’J >P-jj tjuj^sAJl JS 1 Ji-<f jj . (s) 

.(jyjj-^aJl oLy^ ,_|p OjaJI J..^.-.:.! L^jlj^-fj 4ila‘.»L) 




(Y-A-^ JSLi 


s'r (t ) 
. Sl$JUl — \ 

t!> Ji cM' - T 

.fyJJi - r 

— t 

(h 



(v) 


jjv* J1 J^*^' vIAkj* (v) 

(Y pjj) (a) ^ J& jkJl Xp v-iVl 
•0 fj>) (C)j 

‘(V) a* J* J U*ll :«&»"*• 
oi^t vLAkj* jj- 1 * (^) 
fj-jHj -^M-< > J r^ 1 ik-l_^ 

jj-iU Oim^i X*Ua»la^ d.■!! 

.LUll 

Cr^ v'y-^y (^) 

,jkJl Xp ilfUl 



( s ) J (Y (*ij) (e) 

J-?-(' i^j) 

p—'J 5 J^ 

<(V) o* J* c? 

: jL U J*»-% (£) 

^1 JalU-l Jt« M (Jj 

f^MJ 

JaSU-l : Y fij 
,<_iVl Jic : T |*ij 


<£> 


• M' (Jj 


YOY 





d*^ dl *5.jp~ eLfUl *Sj>- d f (^d^) <j* 

. a^»iJI « J LjjJl <JI>«1 A...1.1U d^d dd 

<i}j _ r pJtl ila-uljj ( f ) J^-iJl j A>w»jll #Y# iikdl (jj 

<jd Uli *jya£- ~*>C& (j#- d 3 ”''"* (jiJ^j) 

d j«St AjL-iA dl j j'i—M £iJb (jf liij . pjJJI 4>dj 

j£*J d*d (dl t>Ui ^>«ll <->)t> <-»^Oj of J* p*MJ JaiU“l 

^J^Jlli 4>ui ^lUJLa (jujj . 4,dJa«.l» 1 o-iA o-XaL*-*^ 

ojj-saII J iiiU LL>JJ 

<j ( e ) ^Oy5L>- (J (lcT“* J 

. 4jJUI ( j"^ i j (<0 iSj^-L (jlull *Upj ijJLLJI 

JaJlA-t 4 jjj ( f ) (J gY*» 4JaiJl <J Uf 

. 0 j>^^-\j jUUl oJLplij pjJlJL] ^yiiii-l JaJl^-lj 

«t»4iaiJl J[ J^aJ 5iL-* J[ jf l^4j 

jLa^Ll lL)L— J (3^ 4dla‘A I fiJUfcLi ^j^a ^ J i>*-s^^il 

iJj-^aJl oUjUJlj iJj-^aJl oLUltj iol£il Oj^aJl jlljVlj 

^jla-jJl -Up *lj—>-Vl o-La (^) J (^JL^-iJl . ioojA>I 

^la « la>r*l l j^-i/jjl <Jj LUJI 4-il jPjJjxJI Sjj^Jl ^jA JS* j Sj^SUll otj-s^VU 

, l^“U ^AJl Li 

UjJL^- La 'Ak^^La (^f SJULill I (jwijP JL>-V ^^$->*^1 J^wCw>jj 

L^.—oljlL oj^>^Ll jj-^aJl vJu^LJI jiko <11^1 oJLa (3^ • 

Ij*JpLJLj of uU^Ul ipL^i* <il>- . La^^ScJ i*iLi Jp 

^J b »« ^ u% j «x£j . o^o^aLJo La (3*^ | y^*->J iLSjJl vJoIjIap 

! jj^f Laj Uj-iL j L^Ij^ <J*j' oUJUjJI 

. *» ^|p 4-^4 M5LSI ^>L L ^J 1 mb \ 

# # 

. L: y+0 ^Lx-J ^4*>LSLil ^aJl — T 



^JLp ^'iLSDl ^yaJl ^ : .-tf.“ — r 

. 4 J iLUil £* ^^aJl ^L-it ^ Jajjj L$JLp 

. L^>oI ^Jl 4.4 la«) I oUUjJIj jj-^aJl Jm^Uj 

j^>«IL» ill jf ^ ^ ^ jj-«Vt 6Jub 

! ZW olJL>-j jj^ dUij 1 Sj*iL^# jS> AAj^oj 

. ^ i ill i \ 

.^>*il Ij- J ^>y m ^1 lJs^ji\ _ Y 
J53 JjUII J >f - U (J* L^ik^l^ J-^a>J ^ SJb-jJl — V 

Jp ^jyLi < J g >i^J jLf^j 3-b*-jJl oJjb .ojj-s^ 

<> ■... 4 1 0*13 J (_£(_^P A3^iallI ojLaII td*Jb4 

. I ^ »lp l . 1 m/7 ^* ^Jl 4 jjLmm^ 

jLj^“ ®j^1j ^pL^JyoJi JajjJLil 

^ 3 4.JL) ljil> I t /3 11 {J? S—^ 11 ^ L>»yJ 1 ^3J ^**3 1 4P^<*»* 

Ji_^“1 ^ «JU^ *U-)) 4 JLjA-1j LiJaj U>f ij*jp jJj .cJjJ! 

, * 

^t. L> u i_)i 1 jlp- 43jAjC ^^4«li <jU C Lij “ ^ 

A^wuaJL> jj^i>/j)1 {^y 9 j*U . o^l^s^Vi ftJLb d^* 4-s^UL - ! 

*Sj?~ 4jjj ^la*m‘..«> Ljli 0 JJ+& ^ Y LajdJjp JL*j ^J-Jl iL^laJl 

Ja^»j <J 4 >k 1&JI JjJaj ^1 <jJaj Cf* clLSii^l JIp «-UapVI 

. I Jl^Jbj} S j ^il. ^^laJ 1 a J L < P A^maJIj ^jkJl AaJLaP 4jL^> A>wuilJl 

! Sj/iil vi^jJl olJL>-jJl j ^jJL) oVl 




3i\ 

c^J (V'-A-^)j*ij j£-lJl (^jl*-!l *j^-l J iJ&-j}\ o-L* _^JaJ 

I frl^>-f ii^J ^jA Oj^Sj 

^JpVl A . -» . « . * J> ^ ^ j^jL . L .0 jj ^ y ^S* oji^S* yAj Ja^jVl *J^-I — ^ 

^JJl j^>*iL *^-l I-L^J • ( J J i-*'^l |» rt *» 4l l J ojl 

Ajco jjJb 4 JI jj£- jjJb LoJLPj ill Atlfl.*l y jjJU 

*jy& I ill laJfcl" Sjj^ J5* ^Lc jj . ^Jpt ^ (j j -j- t ^ l I 

.1*^1 cAi) sj ^'j 

t * ♦ # OJj^ ^jloLJlO ^LJj jlp- y* dj&i y*J j~* jVI *^-l — Y 

io^>«j j*^-o (ji ^L’-^-^ll aJlA J***jjj iJ till i>jlO A* * * J 

. (Light guide) j£ 

(Photo transistor) jy~*y\y j^r y* Oj&j j*J t^cVl — T 

Lot . L-Lp oLlL-s^^j aJ dJUL* 4 Jj# ^ 

yjpj a^U yA C ...-t o dJIL- j^o ^llio L^J J^-j-3 LLJIaJL^jiJI 

^^«igLJco JL^-^j ^Lill ^j^o ^A-l <_s jJaJl 0-£j ^ jp*“t <u>-lj ^jA aiJLo 

.Aiiy -Up ^tjj^l jL^ll jj^ J1p jJw? 

jwJ ^Lull JUu LJlJI aJL^ jiJL» aJL-^^JI Lot 

,j^>Jkl J--s^jJ oA>-J AjI^ J ^-Ul ^1 


>00 




<r- a.\) jsa 

(/M- 1 p-j 

.(Sine Wave Oscillator) (Oi A* • * Jj t * * * oU^Ll £&[ jlp- _ ^ 

.(Amplifier) — T 

.(L.E.D.) t.yjx Jl jJUaj jlJLp _ f 
.(Drive Shaft) ojbVl *y+* _ t 
. (Photo Transistor) I ? — 0 

.(Amplifier) — 1 

. (High Pass Filter) — V 

.(Switch) L—b-bi* J ts Jai-lj oJaij jLJl A 

.(Mixer) ^ 

.(Output) (\ •) 

. (Electric Source) jJUa- __ ^ ^ 

. (Switch) <aL ij jLJ ^bi# _ \ Y 

.(Pulser) _ \T 

.(L.E.D.) cyj»\} iljp _ U 







• 

* 1 j^ ij* bjfcj j . ^ JjL-VI *j^-t <J »j-*i 

J-L^lit O-Laj . (jwJl Jj jl—Jl £jA J^jJl (j La. 2 >j^J <^3Jt ^Jp La^Jj 

^jA illLJ L ^*/3* a ^\xaa Aj ^ryu jL*Jl ^7J^z3 (^yL^^lt 

Jj>-jj ^i-l cJ^JaJl C^-j .^>-^1 L-3jiaJl <J 41P ^J.A4«4j c-i jJp 

£*-b A*Ja3j dJU U l ^>- j £-1 *jJL| (^jJL>ij jLJl Ju-ajJ AJ*£jC Ijj-^ 

* 

|^i5^ Aj^j ii^ Jj jl^r JL>-yj> iJlA Jaj . vilL-Jl ^yp (JL*j yM 
^LaJl ciiL-Jl Aj ( J* s a^j fjjS\ 4 Jp^iM JL>-yj ^yL^g^Jl jLiil yi £^Lbiil 

^*L^i4 LJtAJ 3j>-jj JjLxVl «yM Jj .yj-MiJl aJI ®^>-j j-* 

^jUaII o-La . ^liill Jju jLJl ^JJl LtiLJL a .« 7 iJj j£}\ 

.^>JlIj (Adaptor) Jaw»j JpL~* Lk~Jyj 

■ # aA^p Q 

^UaII J| j-<yvajl SAa-j J jy~t 

j^Jb jjy*A*jl aJI j^Jb L«-UPj . jlywL Pj^i}\ •»jj (^-Ul 

b j^mJ I £«AJ Oj^sj laUJP^ . Aj ^J*A*il 3y ^ 4 jJl A jka JJ^jy Ujyt 

A_->-Ul (J Jj^jJl ^P fjndjl LrfS yc'..— a (3jA. ti I 

* 

. jjjib *j-naD ^to .«.) AjU L*jI>- A.n.s'gj Uy^J L«JUp t AJU jI 

^yL^5 jLj oj-aJI JyOj aJj-aJI iajlill <JI J-aj *j-aJI y Uxpj 
aJI>* <J qLjiII diUl lp*« sU-aII tji J-aj 

. ^biil jp jldl jjy* Lr dUUl ^ o^kli jp o^LcjI 

(J1 jLJ' •i-LL-JI J-aj ia>- (J jLJl jw t-Llj 

^ya <_9^iaJl ^ji ( j-JpLa 1L J-A^b 

^jaj . J.^l^:,!! jl^?“ (Jl viJULJI l^JU-4 ajLa>- a 5^ b-l^ 

J-Ai (jLJl ^Ljiil oUi j ^jJUJI ^ ^UJl jLiii j-c i?^iLl 

jJLaII ^ ^iUJl jLJl J-Ajij ^Luili j^\ uJ^kJt ^JJI 

Ajy A3J l^^jf OwLp vl;JL4 jU jPj c Ji-Jl <yL^£Jl 




iJtAiJl ^Lail j £-1 dJLLJI *-j^ Juaij Ujup 

^oUail ^ j^UaII JbJLiJl .j^>«ili J-aiJ 

Slif i^JLp 4la>iUl ©Jla> jj . ^i>Vl j-ilt 4 +~£juj 

jJl j jp *it oljjC Sjj-aJI c£j*^ JLpL-jj ti>-jlia 

.UsJl J Oj^ 0 ♦ 4 *L©jJI oJlA jjSuJj .4-11 LfrUi^.J 

4jLs Jp^iLLj J.^la 4_)f Lj^i Jj-aII laf 

£-juil( 4^jJ>- Jp ©j^LaSI *U*4UaS 1 cASjJl ^^a jJpJ . OyUi ji 

^■bdl 4 ^oj^La) i 4jjxll c^lid)!^ &jj)+/3)\ J?Ui!l <3 AtaUJl dp 
Jj»wJ Jajj-lJl ^ SUill (JPj . ©jj-aJI -tliJl dip <JjLJI 

(j^ms) oljU?l ji ^m+rnA* ^Jp J*sA>»J .43jlalll ©jLaJI 

^1 jp]l 4jfllal^ ci ^jJl oULjjJl 14jJliJl (j ojj-A 0 • I^JIP 

iajjJtJl ^jJL) laJUPj . JyUS (Jj-A Jajj-i J-P t ©LgJJtj ^JJlj 

^Jp SjL*Jl 4P^ —J 1 L - dJ 1 iaj| j»<J ^ A^ I 

H%m>«UU ^Jl3l (4j^jtJlj 4A^^JI ^ 1 ^jmA j 

. (jj-aJI) oljlb'yi 3Jl*J 4 jjL~* ^L~jf 31 OjL*Jl 

* jyS&\ K*»\ ji Q 

? # 

^P 4JL>t—i! ©jL*Jl ^ Idea Ol>Vl 4P y*£- 

J^lalll i-Ujf dJ JL>* ^ JJ> 4^jL», 1. «*< iiLi ^Jp yo JfljjjJl 

Jajj-i ^Jp a^i-l (JUb jLi-l 4,w, :: Ia> . ©jLjJI ^jA ld|^ 

frl-sApV^ 43^x1 ^J^-sA4lJb jU^| ^£>**** 1)1 

^Jl oUUaJI d^>-UI .Oj-aJI ^j-a ©jj-aJI 4 JLLC ^Jdl iiju 

4jdij ^jA . 43Ld a JU p ©dfcj 4 ^dj“^ 4^jL j a]*-J jt jjhij 

t^s^jpj L^.L> <-^J vW 1 I jl^>. 

^j^rj j jjp ^jJL 4jli Jli-I 4«--la»j . 

. oill I 



gfte * 

Jij oLgJJl olS^>- J 

<j SljUl iS^>- (l)f -k^-JJ . AJ^j**J l$-^LS i>ws^lj JJ-s^aJl 

.jji^dlJl jL^i- Jl>«^U A« ~J L Ja>* ^P L^pUjjI 

(JLJbj) Adlpj jLojil £C3 — — Aj^^ j wa! 1 l)^* A*^J^ 

I-LAj . iftll jLAJt o dJLl(iJj-*^aJl jlJjVl 

tjdjJUJl t—^Sjf J-aj (^X» Oj>«^-l i>ci jlJUL* aj fv> iS*** 

<a)a\a ^‘jA <Jpf 4 dk a j j^f Ij-Aj {jA Lc^-l>4 

Ajj>d\ C-ilS* JSj .jLajli *SJ>v aIoJ jA \rfZS j>- jVj jLJLlt oJLpli 

: (ji ^ 

: otf j ^~I ( I ) 

iikll 5£’ji* 4-jLJl oLi>»dl Jii isjLil-l bop JUl J£Ll)l Oiji 

JS 

^JA-j J^kJl JLP (be® UlAwJ I J otjJlll ^J ^J t J ^^Aj) Aj^j-Ul 

(jlaJl JLlP Jaj^Al A>^J Ajj^IJI iilaJLI jt LgJl«kj . AJbUl 

j&j .UiVl j^p oi^Vb jkJl xp ^LLjNl Jb vJVl oI^pVL 

CjI^mpVU JjJaJl JJiP 4j^JiJl a 4,1a,AI ^LiJjli>-jj (> ju j (^j5 dd*-^ ^ 
a^*»L>o^I ^^Jal 11 JLp 

O (n) Jjllb ^ladll LaJUP j*%\ A>-j^ jA*wflJ Vl 

(nd) *41I olpj-^->»il of Ja>-^b jJJJLS' . ^kall <Jjl j OjJl 0j^> LaJ^P 

AP^*JJ»ll ^jA ^AjVI c5 frUl AaIxJlI Ja^*A ^ik: (ns) j (nt) j 

uii ^rj (>^ 'd^j . ^Vl J 

UXp Jpf Jl i^JLJt iuak.ll JU Cj\ J (co-articulation) Jyj^ai\ 

, LajJLj V La jcp N IJlaj 0jJl! aJU JIjlSIj ^LJlj 
Ju (a]IjT 0^-5) (e) a5jJ-I -L>-y Ujjp (Harmony) ^Uw^jNl ^jV( 

A<a la‘A I 0^3 iJlA IJp . j jJl i ^L>\ 'jS> • 0^^" 

. j»Ja Za jS> Olf j^-b ^^laJl JJP Aj^JJI 



{jo A S LoJllP J.I l ^ n Aj^-Ul Adkl l \akz£ j 
^ja <juajVI a5 j^-\ jju LjpliJjl J 0dr^f 

A-jjj^l aS^J-I ^ J>" V <^11 a> jJ>OVl Jj . aJL#L)I J IOa t ^latfl l 
^ Uf , Aj^jJUl AaI&iII il j JL* ^ — A*j ij IJ i Aj L u ll I AjA>Vl 

(ju a>-j^ J Jji J> A; i- \ jii 1 

. (4 la ill £dJ^J) AjAjVI ^/Pj A dial 1 1 i jjaiy *! .») u:Vl otf>! 

^iyJl Ay<^J U la>-jJ (iseenen) j (deenee) aJLUI oljLJl Jj 
. jjJl Jp aa>UI iS*jJ-l jlaJ JUp eljDl ^UiOl J JJUIjj (Anticipation) 
Aikil OjSo 0~>- (see’eN) aJl£)I ja (see) ^kiil <J ^ ^ t ^£Jj 

. (t-A- ^ JSLiJl (j Y ^laif) . (’) jkJl AjI^ A^iJj^ Ai^jjJl 

JjJ^f 4^*/lj^ Jj Aj^Ls^ J (Jl^i Aii^-^il oJlA 

Oii ^***1—««11 4w »lj^ 4_JUaPj ^531 ol ,Jjjdl ^ jjpJL^ wl)j 

Oll^l ^AAm » lap Jaj^j ^Jl aJUmII JaLJL» ^£JL* of (AaLi>» 1I O^Lp>JI 
. ^Jj^oJl Ja^>«ll O^Z>-Ij <—a!ij£ A-uijVl jS» ^Ij-JL (jlaJl JLp cvwJUaII 
O^^j $ tI^A jI Jj ^^Jl I^^m. 1 L> (jiaJl O^P o JL ol Jp JpLmmJI 

(ju jj^a>JLl AjiiVl ^-P ^Ij-Jli JjlajJl JlP c-djwajl ^Jb 
^UjjI (Ju ^SUj Jy ^Jp _ IJL* — OJ^laf JS oJUfcLllI 

<l)tj U ji I Ikl^ ^waJj . Jjj - 11 J a gg ^JJ Ajj^HI Axlaxll 

i^ljjJl ^j+0jAy*j J./i?ll ^^^Jl aJUp- JLIp ^^^LlJjJl < J^a*JI 
I«X*^ C C^^-h 4L*U ^ ;«i*a*ll Aj^^Jl O' 'l^ y+£ AJUaPj^^ll 

iS j^-\j AP 'j *~Jl jl Ji Aa Jp Al^da ^la 111 Q»>LJL»ju L^LydJ 

of a^Lopj^^JI of Ioaj . uy^ <J^ <-*-*-* Ji Jj-^jJJ 
. L» oUl J 55j>*-U O^.^anli Ji 4^»-jJ ^Jl LwaxJl aJuJI ^p Jail u-aJL^J 

^i* - 11^ 4P j *mi I *-!_ jJL A?I O f 1 A * — j ^ 1 ^■‘h! 1 

JUai^I Ou^UI Jp oli J^^.j i^\S a>-jJU i>wilj 

. aJ-sOPj j4^ ^ L 1 





























(t-A- \) JSLDI jL 

iUUJl JriJl Jlc Uydl liUl ijkU £. intUdl :ilwOU 

.(Spectrograms) ^yUaJl JjUiM f>-j y* olS^J-l Jo 

:(V _ \) ja JtfLiVl 
I Ot L* JLiP ol^JJl jt li t3j^ 

. iljji? jt O^di i5Jp- IfJLi jt U-Ujj <J£Jl ii—j (J (’) \ 

. aJL^Ip jf *£j>- IfLi j\ Ia-Ujj Ja-»j (j (N) j_^j — T 

. iJu^i? jf d^wai iS’jp- IfU jf UJuyj <JL^Jl ia-^j j (n) 4 j^J Oy — f 

. iJbjJ^ jl Qj;./a< i5j>- IfLi j\ IaJOoj -uJL53l -Lu-j <J (d) Jb — i 

,J~A> (J) <L^]p jt 0 J~J2**SJ>~ Lfr Ll j LaJUjJ <j (Nd) ^jA ktyaJ*- — d 

.(jiull 

. oi5 j>- UbJUjj <uKJl J*-j J (s) uwJl - ”1 

.N JJ Nte _ V 

. (t) .UK, j\ (s) Ji-JL *JU { jv <3IjaJI 0L~j ■ ^ J A O^^OJ I 


I yJl ol5" j^-\ (v-*>) 

^LaJjVl (J i£j>~ of Ujfj 

Ol5 y>- ^f) Ay^P jP Cj\S y>- ii j£ (J ( Jbt*Jo I ^j^i-Ji <*> 

iSj >%\J y>j of lijj . (AJLoijf ^jdJl £j—Jl 

—> j\ <— (jv* j.JL i~*j*L3\ iS j>JU y»y loli ^ jf ^ 

. j4^"l ^Jl>- (J (_£^>0^-1 olS*JUfcLlj of ^£>«il 

1 UJP Laf . ^llji {j* toji U^pi IaIjco jLa^ti 0JLlPj 

<—i^l>-L> l-aJLi^* I . \>-yJLA Oj^j aJL d 

^iti l^op ^Ul Cj^tj • ~'j I 

-Up A>*ii of ^iL^jJl . ^*-o ol j iJLL oIjLp J 

(3 OlS' 1^1 j^f O^^ llj ^JalJl 

A^oJLj ,^>-f jf ]a+*jZ* (J £5J U li| l^o tJjf 

0^3 _ l a .4jJt obUl ^ '^TJ J ^ L5^ — AAiw^li A*# A.«1 




4jli I jl JJLalaf . JLp JUP <J jie\ j j& *■ >Lju^u 11 -UP jlajll 5 jI3 

^Ij N iljLill oJlAj . 4 i*n ^ Jp ill>*j *> iSU <J j^^j 

jf I JLfc . I j?*'^ <juJlLl J ^IaJI jljlL® 0j£jj . Ja—jJl ci ^i 

JL>j Jij . jla^il oJ jb Jp iUL--j JUU*j ^1 <>%zi ^LJl 

4—«.lia«> c 4—o^i> 1 j5 1^—J 1 ^Jp ^.ja.0 ^oluJI o-l& 01 

<jj. 4-o-L^Jl Ja-^j C-**j li[ 4 jc-*Ij jUjil i>oi j_j£j jf ^jSlj—Jl oAa 
ij-Jl>oNl <Jj . ol5Sj^lb jLajil ^Lwl ijl-jUl 

£ju L»Xp (Aspiration) < r JLsi\ is^j* Salj jUjlt i>d ^L.Jl 4-il^Vl 

jS'LJl 4 >**a)1 J*? 1 i {_<*** l*^ 1 ^^^ ^jSX wl 1 

• tJj* j? 

j5lj~Ji jju L^j^> ^Jl oUJJl j 4jf ^jp cj-i-iS^ Jij 

IpL-oI ^/^f 4^*13 4 l^ajjpj 4yjdJl L>“ 

j^Ssj <L— auJI oL-*L>«jNI jL>ol»I JUp 4jf . j.....tf.^ll AAyg ^j^rj -Up 

yvp 4 ^-nL^o'b/l . 1 J 4—uJl l*f . ^LflJl ol>*ja ^*^»f ^ jl*jil i>wi 

j!5 j]j 4 (Release) JUp iiU^ j^Sj al& jU^li i>mii jli 4 . r J. jj l 

<iJ (Jj . ^Jkl Jia JUP Oj-hjJ-I ^3 jJw? jU3 a^>-j 

\jjt ^C3 JUpj j^il Jii *ttf jUjll 4 >%li jip Ja>-jJ (Hindi) ^JUil 

. J j^il 

J^Lu j^\j *yrj jp 0 j>»u>JJ 4 : h^pj j4$L ll oUljjJl C> i JL f Jij 
. J^i-I JyUiJ 4^»LiVl 4^®4 ja1.^1 4 *AjJb\ )i JpLu jj^J 

4JUiLnJi J^LiJ oUj (PCA) 4^iii-l i;>» jh\ J^Lij ili ^jp j 

JLJj . I -La 5jy JaJj^3 Uf . ^ (INT) o» U ^' 

jrV^ JP 4 -JuJlPj j^SsJl i^ljjJJ i^L^ail 4 j oUi^-^All C. tf 

^3 -Up jjdUajJl (juLft 43 j* « 

i!l>- 0^>fcJ-l j^SsJ UJUP ijiii-l jJLajJl i?LU ^j, is^l>- 4jL^j jlj^i 

. ^lsJ[ 








(6.A- \) J£JL)i jL 

: 

Jju o^nJL^-I ^jt) 4 >iXj (JjJLll 4-11>- OW^ l)^ — ^ 

. »jjl jJ 4-^fjj! J?jJail-l XP ji^i 

<j ~*J ^-tAl Ja—^Jl Jj j 1 —J' <J*J 0>*J' <J* ja JlC — T 

. oljLaJl 

|j> (jw JaiMj Oj-^aJl f 

• jW' a*y^ 

. SjLaJI Jjt 0 Oj-aJI jf jaX-JlI Jail-1 — i 

. ojUJl Ja—j jj Oj-a ll jt (....) ^Jaiil Jai-1 — 0 
. utoiA* Cjj-a11 jt |^aj (—>) Jb-IaJI Jai-I — 1 

C^' l ftL^I ]op^Kj <Sj^\ ijJUiJNt oNl>- (Jj 
^clfllb of S/jb <**^4^11 4^—I jIh4»! 

(3 ^11 ^S'LmJI L*JUp I^Lft 

4*j^*^Jl jlJj ^ ^1 ol^Vl i Jti ^Jll J jlallj , 4X* * 4 4*j^*^ 

0 0 

Oj£j jUjJU IXoJj aXC ^Lo^U 4>w N) Ua la «^>j iiil^Jl 

^ s *— # 

^ iaj oJ^^Vl <3 l*i>^ _iJU* 4 *jLLJ1 

* * 

jJjAJl ^ la-s^j 4jil£Jt jlJjVl ili^l <J 

I o jJ~\ oQa>^ta ♦ 

ijl jA — 4Jj-^aJl pUopVI ol5^>- 4-iiji ©^JbC^ (3ji? ^>“j {j* jJL 

jcJ ijjjjJf U> SjjJadl iiljil <jl» tjkJI aX^ ,L‘( 0ijJiL* 

^^lajLt ^*«il Jij .Sj-iLLl J^ i-iljlU Ifclp ^1 oUjJLall 

Joyjoi-lj 4^1 AjaJaJLI iJI jA 4:la.*»ljjj . lJJLLI iJL/b 

Oaj oJ^Ij ^y L ^ oywJ I I Jaj^ jy* A-.ljX Icr^jX J-aa* J* 

wo 




LjJ o^^ * ** ^ a»^j!^LI v, — «.rf ^ l^j I ^ 

jj ^* iiL^J IJla ^9j . ^l a J t 015I aJ L »P 4~-ljjJ 4 . L .>.*»j 

* A^>~I^J Ljill^ ^jA 4 Jyj of v^.i.'i^ 4jjj^kJl oJLA 

jf if # 

(J^ JIpL-j V *>LLi Uj-^ ^ Ja^< ywaJ l^laJ — ^ 

, -—^b tlr 4 -? * j-^aj j j + jq I I 

. 4JL»*jJI oJl^> v j*/2 11 jUjVl ol>*LS jjj*#' 

— jiaJl tbit £1 jiJl J>>-b ^w»j l,. .;.^) -li —. Y 
aJI Ula .ojjm^JI <3 — uy^ ^3j o^- 

? a 

4*j\jA JLp 1 4tflalll OlP ^\JL$ O^^j 

oiJIj^o Xpj . o<L^ jaJLJI 4j^jJJt 4>*Ia 3( ^f c-A)Vt ^1 ji 
4 jjj S^p%l>*JJ bjoJjj c.« >%>%Z3 c-dJb^-l q L m JD I SJLpU aSj^ ^>-JC<j 

. iLaLS^ 

* * 

. UJ^ L^LJ iJL^ljJl ^UapVl LjJ _ f 

# 

oUjjJl j a .Li. < i> j^>«il iJljll ii^J? <jf J^iJl 0^^ 

ol^jjiJl jJlc- iSLftj <J O y^-L *"^ 4..1a1lj <Jj~a .!l 

. oJLa JjU ^jf- 


— B 5, B 17, F 33, H 15, H 28,1 2, K 1, K 2, K 16, K 17, M 4, M15, M 16, S 2, S T, S 4, 
S 6, S 9, U 4, U 5, W 3, W 8. 


\w 





t yL»^5’ i»LiJ cJLijSl J jjj iiJUdJU oV5" 

jtf WA*l i- jr *~-r* t*l .*UpVI iLLJl IJ^ ioLjVI 
ojI^>»j jlSj .iu* is-Jjufi (Jp »^-U aJu^ (Galvani) jUU- ^lUJl 
lOA O' 03j .^jL*j Lliloi^>4 

J^aJI 41*11 APJUt^Jl ^ .,«,« > • ^ 4y^P 4*1>- aJpjJLjC 

i-jj—sA*Jl *Lj—$£3b (jLiU- ^LoaI fjLj ila>JUl oJUb .ip-0_isaJl 

^yJLp ^LoaI JP jUi^ ii jl£ . (Bioelectricity) 

oloJ^iJt (J Nj J>*^\ c5 iJaJl ^^oJj ^Loa^I IOa jjJali jij . (J Jaj 

^ v <3 > ..£J 1 iOA ^jA o^LAjO**^/ 1 Lflf . Lj ^jA 

«l(F ant) vO-jli Jj ^>-1^1 cJ ^i 

.(Uli-b (V. Fromkin) j£~ajji (Draper) j-jj^j (P. Ladefoged) 

4>wi 0^1 4y../Z* 11 4_JiM j a^j<An)l A^jijI 43 II 3 JI jJ yjj 

aiUaJl j ijji JpLiJl iJtij . ^' *1^ j£j ^Jl j^LaJI (ju cia J b- 

o-ljJl £~J>j j ajf 1 ^- 0 - (Difference in potential) Lp-jL>-j a-U-1 Ju 

JpLUI ^ UXpj . cJji \ * * * ja S* - _y>J (Potential) iSllaJl jj& 

. cJjiJl ^ !•** ^ Y •_ aiOall ( a)-J 


\je- L} ai>^‘ djvJI ^ »_^l lA» j L* (1) 
Jarlenman and Aericht, Clinical Electromygraphy, Pitman Medical, England 1977 


uv 


pp. 1-51. 




(One motor unit) JJL ^ SJb-j 

. (Spinal Cord) ^jZJl £t>«Jt — ^ 
. (Spinal Nerve) — Y 

. (Nerve Fiber (Axon)) ^ Jo^ _ f 
. (Muscle Fiber) aJLaa i?l 
j•—*>■ 4-i^ _. o 

. (Cell Body of Neuron) 


^pLazJI Ij-A 1^*4 ^Jl L^aL-l 4Pyj£ J*j 

iilU y dJbyJl SJL>j y ^jJL4 U yk —jj (Motor unit) «<±Ly ©Jb-y 
^SLc U Jif i5 y U SJL>^)I oJla Jlij t(Motoneurons) kS ^i oJL>-jJl ^L 
olLJl oJlA jjy . 4 :: ./a«ll L^sLl ^Jl AiUaJl y oJy-j 

^jl 41 */2n 1 \ 4^L^iL-L 4iya.:lI 4««»rf3*ll 

L«XnPj , oAa ^Ji »/i *> 

A >- 43lkJl jf — *Sji-\ oJlA 

^ *y& hj^ <j 

:J5wJ( IJla J ^ iJL 



(T-5->) J*Li 




^ <J*Vl JiO 

.^A) jlJia JjLJI j£JtJt J^O <*iA>^ 

4JLa*JI aL^"* ^j>-f A*l>- (J J>-I ^JpliJ ii#JL>- jf { J^ji jij 

^LJl A^wJl JjVl JbplilJl jjf *L$l»l 

o!ApUi!I jJL* o^L^jj . iSj^\ j£*i 0^-*^' 

I JbJl J^JLlI \^ ^kJl 4^4l%wa Li4<b C->ljii)i Jj>w 


(?-<-') jo 

o!5^A-l j v ,1j JL > C $ A r ^ai>l Uf . Ajilj^l ol5 j ^-1 (J oyiill cL>JL^j 

Cj|Jt>»j {j* jJLp ^Li ^ £--> ij^lj^ll aS^J-I jU IJLa l |pj . aoIj'VI 

s* * * # 

jglau . Ljj LjIiI jLj Ia 4 JsMjtf ^JpUj oLJu-oj viL^uJl 

: JUI JCUI J 0P^' uy J>JI 


(t.i.\)jii 

. Ub- 1 j iJyi i-U oL.jbj (f) 

0_pL^ 4-Jl; j^S OlJbJJ (*—•>) 

• »-^'j y*- (>* Jd if 

SW 







jLJl jIJLajC aJL4^ ^ olS'Ja»jj o\ 

• **yrj *yrj {A* Xp iillaJl J Jyill jl eLUij ©UJbJ 

O^L^aljj oV** 0 j\$ (jv^.L■»> aJLajJI LU?j of y jJj 

0ji*iLiJl Jp of y* O^^j— 1 *» AjIJ jl^>*J 

jUll ^>-j jV LJJij . Ig^Jp jf iiUaJl ^>*jJ <L>wj oUJbiJl 

# * m 
. Lg^3 U?U>u| ^>,.fj AaIJIajI^ A-^LiJl ^Jp At^/aliAlai}«ll ^ IpUjjI 

jUU aIu I I oljJbjJl iiLiJl ^Jp jj oLLLiioVij olpUJj^i (Jlyjj 

f # 

L n - 1 15 O' ^)j , ^J 4j|Wil 14y^lA 11 OtaX^^ii J?LmJ ^|p O^^J 

^ jj Vj aJLalaJI liN JLJUj a^jL) 4.x>fcJLlI gzU jjJj aaHj Ay*^jJ I 
a** */s * 11 OtaX^^Jl 15 • <u*LJl ^Jp 1 

. aJjJLju aJUmJIj a.^JL*» 

". (^*Ap j O 

0^15'^^-1 aJUp ^jA Jj>jj yJ I Aj^ixJl jl > ^yb aJlA 

ojLS^^>" ^jL*JI V1 IJLa ^Jp^j . LLaJL^J 1 

(Electromyograph) A^^aaJl oiJb-jJlj c/>La*JI 

; jL Ij? 

i j-S>)' - 

* \ 

Q%^Jl olS*j>- ^jp ^La<L* *}L >«—J u^aJUop olS y>- ^J : >t .>.7 y$Lc 
A^jt J\_> (Micro electrodes) o^Jw? A_Jjy£!l ^fj JL>oL 
a,. JL * (aJL^laJI ^>”1^) jJi a>i^wjVI jJl <J. ^La*JI 

La^ c oJ^aJI y« cjLSI ^jA ( ^ * ”) j i JLajC liUI Ax»J a>»oJL» Al>fcJL) I 

AajLa><JL 1 I ^ iJL/b ^Ju>w^Ji ^Jk>w-N*j 

i£ji~\ -UpJ . ((A>-IjJ| Ailt» La A>wJL)I ^w-Jj ALfljJl L^J 

Ao /^ uii** j* -/^ - ^ jU-1 c-LwaJI A^fawJ 1 ^uA*3 / l -di^-L I 

Ln| c3 >J1 I La A^>-^a aJl>-IjJ1 aJLa*J( aJL- ^LtJJl 



IJLa Jb^j Jij (Action potential) iS^-\ JL^>- aJlP jJlLj 

.cJjiJl ja (_ilVl ja \ ♦ • jP -4^1 

: crO fcjj*! * 

Ji ialp AA^tj .O f\y 

oJL>-ljJl U^U <uJl>-1 Uj 14l> wJ 1 
. 4*wi*Jl LtAiM {j* 4l>wiJl li 

: 2LULUI ^1 Jl * 

iLU «ii)JLlj (Pyrex) L<r S' J jUl ^l>-j ^ Ai^al 4>jjt oJL*j 

yrr ^—ttt -^jd V 1 j^ aJL^ V* j 4-^L>- j~^U 

A^li^l aJ-U? j^\ 6*XA ^JjLaj • ^J^LS 

Jlj —>■ ^j^tjJl fiJiA LflJL*>c? ^Jl <c>»JLll jf i oL —a «« ^a*l l 

. iJlwNl aJ^I-I <L>«J i oJji —— 

: J^jUM ^!^1 * 
:fAy\ Jp »A*J 

^j«4 OjjJtMMfd 4 a1s 3 C4*^iixw*Jl ( I ) 

j£ lj^ ^ jjJl aJUajJI jy iUiii\ J\ Lux>N ^JJI 

^ 4j^i> aL^j^ 

. o j\y* iyiJ jlp*j 

a2^$ Ajj»o1 ojLp ^-fjJl «*Laj cJ^l^ll cJ^JaJl olS (^) 

J^-l^ dl.L^ l ^ la i m j 0~ijj . Alii-1 o ji\ IglSw j 4*JSJj (J/ 4 43j)la«*4 

Aiji? jf f-Uaj V < wJU^ j* 9 y + a *j J j}** 

sS #! ; ^ 

j^3 Id^i^ ^-*^*^-1 l ^ »*>tf > 4j 

. di]i5 dl L ^ «jjVI Ju^?jjj. ( j ^.<JL> jf LJU Liji? dJLLJtj Ajj^S I 

• OiA^ O^LaaJI jf <>-jJI 0^>L^aP A-^Iji j SjjVI oJlA 



4— • i ^bJ! 4 ^a 6y^fl *Aij 

£• 4 AA 1 LJI SyNl 4 j ^jJaJ ^Jlll ^j-ojJl t-T^ v-JLJl jLill y>-Nlj 

<J-P JaJL^j ^jU- ^yb^jS^ j ,L/a C l^fr L^ ji A-jlSvaj. ^y^-f 5Jl£«J 5iLp| 

^yb^j^Jl jbzJl J J+0J i)j} J>d 0 j£~*> aJI>- j 0_^J UJLP- 4 n 11 

^JJl i j*j 11 oNL>- <j aJLojJI tJA t£j£j . 4»**/a^ll b^bbl y# j^LaJl 

_JJLiJl oVL>i5'_ a£ j^\ Jp o^UajJl ojOi ^Jlp <ip 4 r . r -:.» 

4 m aJU-I oJlA Jj . OaJLi jJLajJl Cols' Iil la uiLllS'i L^iIxm *!y 

lyV U| 44 :; i^nll aJ^LI jjjb 4 —^*.11 of br ^yrjbLl jLiL) 

iU*Jl ji bl Ut . aU.*U jUI V l*U^ oV jf IjL; 2^; V 

. ly IS aJUoaJI <j l^jJI of IJL^i 4 ^yj-jUbl jbzJl jlp 5S^^-b 

03 4l*2>- 4 <~JyS> u OMJ CyO <JysP^Jl J A*bb aJUjJI 0-La 

Juljj jp iJibl y>«P jf iS'ybl ^p aJLajJI j>*P yb 4 —y*Jl oJu 4-...W OjSb 

. iiUaJi 


vilL* ojj-s^ J ^yfjJl 0j& oi 4 aa-JjJI i]jJLJl (^) 

O^JbUl ^jA l fry+0A JLi \ C S^ 4 fjL^J V 4 —J Lp {jA £y**/l* ^33 

ij«Vi j^- <-• > v> J ->** oyj 4 —Jij J OjJbUl Jay*- ^Jyj . AjjyJil 

jbzJl Ji ^Jp ly>\S Jauibl O. I^1>-Ij) JaObl aSjIj 4.»>uJj aJL^laJI ^ 

Jy £y iJtjbj . <~Jit JajM LJw Jy«jJl U ISli 4 0yNl UX*^ Jl*j 

IJ^J Aj^Lil^a ^buf ^JjP L 43 Iji^f 0iill ^jA jJLP ^jA ./3j> oJlA 

^JLp j o^>-jll iillaJl jf aLaxJI ^ya ^O- 4 0^* ti AiUaJl < JjiJ 

. ojjUdl O^b^ajJl ^jA 


(Amplifier) * ^>wa\.,\ — U\S 

aJjJut j4g«i^Jl A-lil-l jJl aJLj^&I AiU^Jl ot Lii 

* * 

a la I^jIp ^ybyJLzl) I^m 5' iiliLA oU I -La ^^*f . 4 A^pll 

^jjl aJUp LjJ ^1 iiyjl J 0^5i oi tjlJUla i^b^^ 

o^^j of A^li I«Aa , 4, .—a» yixlJl tJ ^f 



oljLJl LiiiL aJL^HI oj^ j^jjjJ! 

l^:la,^ljj j£s V dJJij (cJjiJi t - J^ — Oy U) ajLa^JI 

iillajl jf 4d«w«,<a'! oJLa . AjjJaJl oljLiJi 

(j J^jaj ^ C-dA^aJl ^ Oj£s~m J^jA j*-**>! ji\ (jl J- 0 -> 

ja 0j *ifj .jv>wx« jLpv Ifto* {^^d l-i^J .(*-^1^1 jlfi-l 

: ^ |^>waLi jLfA-l <j a^** oUm? 


ijlyll iU5 JLa£ If- JUaLj 4 (Input impedance) : J^-Ul iaJU 
J jliJL^ jLUl (Capacitance) (Resistance) i-ajUll J£J 

j* J>o iijU* JbjJ of 4 J .(Input) 

j jjJ ^->t ./all <jf IJLa <^>uj . oA jI* jlJLiX 43 jL*-« 

iiliaJt of <—. Ay^taJl A-li-l oOJjj jLJl ^ c5j^f jljl 

cij Jd Us* c5o^ ci^' fj id\&A J5 J Js?y 

4Jli IJlAj . L^ULli jj+&j a*JL>JU SjjUiil 4 : **/2*)\ oLii-l 

JljjJz. *)} ^>- iL>-jJl oljLJl oJl-a JS’ ^ ^yaJLs^ill ^jjj-s*sl!I 

<? 

. 4**+*aj ^Jl)I L»£j^ J Lj 

<Jpfj *>-j^ J^f d# <3(. (Band width) £l~Jj 

lafcL LjjJ ol5 ISU ^J>-jlHj jt ^Jl oL-L-UJ a^-j^ 

^LJl oli oil)! j i»Jlo A * * * 4 V • (jy ^jl j£ oLj j Jbi 

^O^o 4 0^ ^Ia*! (Od*^ Cf* Oo"^ 0“^ 4a\j^~ 

^yjxAjj . jt->c-sil! Jl <w.^jf J j>- ^J^lrJI oLL*-P 

{ jfi' Jj jJ jd\ oLJbJUD V d*^o 0 j& of jj 

Jj>-oJl ja iJliJl J + J1 T *~)(j^ <^b Sj-1p 

. ^L*jl J-N^f JjJL> cJ o!j oUlji jialli JljJ IJLa ^aj . 4J| 


- \ 


- Y 


of <j£Jl jJL JUai 4 (Common mode rejection) :<j£Jl ^ 

■* ? 

L^LJbi o a^jL^S^ oljU Jtj^li p >r*^ai! Oj£j 

Ji. jV -ui jJi>-Jl 11 ^ Jb-I j Jl t (In phase) 



^jP ^^-Jb <JoJ^- 0->l>-^ii oJLfc 

^ J.o ■*.«■* .AI < /31 1 Oj£jj .(Bioelectric) ijjJ&jjjS jf <£ y>-\ 

L fji i - ■ *■ ^JlJ jJI oljlJl l j^tSj Ijili oLp ^.^aull jjl aJu^- 
, .1^1^ j ) * . j * ^ a^.1.4 I jLj aji 1 

»Ul J2_ij |»i^val l J>-b jLgj>* ^^aijJl 4 JLp ^oj 

^ erf -Ujj . Uaaj L^ahj L^i ol>*jll 

O^^j jf JL*j oJL>-j JJ L f-y>0j*}\ jLJl 4-L>-jJl oU-jil 

•crO^' t>* oi 

• ^\^i\ Jupj _ \ii\i 

J*j JjVl 4 J-*A*Jl jjl aJ-ojJ JJlpJl JU^jj o UL^ J illlA 

) ooLJjoJi a^L>> Jp 4JLi*Jl c^15'3 

* 

55^\ JjJIju 4jL Joj ^JpLJc-a Jaj j^i Jp olSji-l oJlA i 

ss 

. (F.M.) ljUai>-| ©L-~ll (Frequency modulation) 

J jUlll Ob^*** ^***'10 Jp’ ^ 

JJ (jLJljf) (jwJl Jl iS'^5>JJ iL[i iiaiJ AlJtLi Jp jjiaJ J\ 

P .J1 bf . ^jA*»»f Jj _^f^ Jpf 

Jl^i\ jUl jlJil i^U > J-Uj >f J1 tf>l Uj ^jjl 

. Cwai>«Jl JaJfc ISij aJoaJI OaAjjI 5\j liU 4 <JL^x)l iS^J- k _>«*Al 

jJ 4la5*. 11 oU c^Ls^pVl 4 Jl>wJL 1 1 ^Jdl ^LiJl J^u L^JUpj 

J| jLJl 4laa.ll juJ tQ.^5 j }I ^*j3j J J . 4l)uJj ^jJiA>%5jJ 4j jL Jj 

JjiAw*jf^ ^Jpf j ^ la 4 ^fcwJ 1 O 4 45"^^1 (0^0^ (_j ^»^»fc. l 1 

. \jS^ j^j}\ ]os^ Jp 





4jLlJl Oji oLj oJLaULo IJL&bj 

1? 

4.**< IjJlU JdJ oJL* UJ 

. o^dl 

jLJl Iji j\) ^Lil cJ U p of ii>-jJ i — T 

JLflj Ip^<» of (jLjdl iiij Ljili^jlj 

Ljj^ iJLjJ l dJlA iJlA {jA JU4XM»t jij . ^Jn^xLIj Iajj jA 

^jA U-J-^J j^f IJlA of J0j-j Jl3j (F.M.) 

. (jyUi ^ ^(Jp Oj&j • ' 

oj ^^a) 1 I iS^^\ (J^ aJL%*/ jil j 

ojbJ. Xpj . iJlllI obill Jp iJjjI^Jl oljLil J,| 4*5j*dJl 

OljLi^ t 4pL*—J J^ail I jL^>' JflJj-iJl 

oljJbJLlI p-**b til ci 

^p jj^JI L^jjf ^JJl ojjil (J aJuajJI olS’ 

. ^Jj-ioJt jl£>* 

*. <w*j\?ci\ «A aaj jl? Q 

JlU-l uilalt otj t^fjJl 1^3 aJL/uJI jf JlU-l iiJJ 

ci lij ^fjJl \^ • (jJLidl o^Lc jf Jj>o£J1j 

^fjJI ol? lijj . aJp OjjLaIIj frllL ^JLJu <JJL5 Sj jl>-Ij i (j-* 

^j^fjJl gJjJj . oUj jIaJL ^JL*j 4jU 

. ^^ap^JLJI ^ «> M JQaj |*j . L^jI>-^L 4»I iJU- j aJLajJI ^ jlU-I o-^ 
t( j^»fjJl L^3 ^Jjf ^Jl aJL^aJI 0-Lj jLdl JuJj^o 4>.«/yil U^j 

. 4^^Jl <Jj^\ ijj* j^UaJI jLdl dji aJL^jJI J^J 

*. U>.^\ ^X» Q 

4 ^4 o^ Lc^ Vl ^Jp OpL^j jii/a *.p ^»-^f of ' ciy. 

4.y«.A"J I JbJL^jJL 4idjJl <ii j*aj 4JUl*J( ^j-^jJI «Ju>>lJl © j~>- 



JLpLmJ ^ j>^\ bj^af OjO^I i)j ^^-1 < Ay/7^J . lj~ 4*^liL-l 

JLjS£ ^yJl L^’ i Cj^*~ ^ ^if ®j*i^L> ^’■v^.> 1 «bj , eJbLJl ^yj&£ 

jj* i*^lj^ J oJb-lj 4ysAP 4 -Jl>- Sj^UaJl (Amplitude) i^jil ^LJl J 
iji o^(i>-1j N <-A i idC i>-jil ^UjjI oV lLUSj . ^£Jl j aJL^JI oULjJI 

jl^ilj JJUXU-il JNl ( j^fjJl L-i^I>-lj ^Jj 4 A*jf jLjJI 

. ^ o4 1 2 oO^j 4jf^ll 0^$ 1-LL^ . 4*d ^Ojl 

J^-Jjl «i| ^j\-J 4_»jLiJJ C-jLj ^j^L-^f ilLlA (j_A <w-Jl—>• Jjj 

^ ^ulx *»4 LIS' jJj {jj^~ t (JsJLap (E.M.G. Signals) 

^yp 4 jI^VI L-aLolaI jt ^>%j of 1 »* I p o^ J^f O* 4 -? . d»3^Ji ^> ji) 


4_^a^\^Jl oUL-C'ifl 4,U«4 4y^>ij Llflj Ja-JJaLlJ iJllA J*A — \ 

? (Speech gestures) 

jJu frUif L» j^*zi JaLlJl IJ-A JbA — Y 

aJujJI oLJy>- 

aJL^JI OjLlNl <J dOJl£ JjJl OljJcJl jl ^s^ijJl ^jAJ 

Ajj^afi' olS' y>- <Ja>-^a v—JJalj <, 4JLfxJl aJUjJI oLJjj^ 

iJjoljLiNt JaJ^j jf 1* Jajjj ^ 

Jy»lp Jl>Jll iJlA (w^l^l ^JjIaJI . 4jj.«^>aSl olS' 

. ^/f ^La JLpLmw* 

(^£JL l^-^p JbJ) ij^apjajLi^fl Oj^ of U IjJiS 
(Filtering and ^yuj y iJUp ^f (Smoothing) 5JL*^ JJ 

J-saJI y>J'j 4 JLapj^SJI 5jLi)/l 0^ .rectifying) 

JUy 4 jj^aPj^J^JI OjLiNl of (j%i>-lJl Ja^^/ (iS^-l 4. ^U» P ^jf) 

& !? JS 

£*j , 4JL^Jl oji) jjbU <ww>bij ^OaJIj 4jj^i)I 



(Isometric) ^Lit oji LgJ 3 4jli IJLa 

L>*»i yA oli 44la:.4 3 0 ^-hA*JI ^jJ£j L»-Up Aj( 

P P P 

.iLs^Jl oy £# (Linear) Lk>- Lir LJL<o iUL£Jl olJLjlJl ^IajjI 
jt Nl l cr Uj ^0? 'i/j oU>jU^ lc^ jbfjJlj 

iSllaJl 4^i ~b Jj ^JUi 03jJl J 4.L^*ll DjJaJl oIjJ 

ojLi^l ^L-AjjI 3 4^**<LjO jS> S^Lj 4j>wJl 0j£j llAj . 4 j>j JxC'J j^S I 

. 3^jxJij 4jj^-jJl ^Ji (e.m.g.) ijjjx 1 

3 ^1 ol^JcJl <jf jji t O^L^aJ yJ L j*-gilj 

0 K**j\^jA Lit ^1 CtaApA 0|^5 4 J»>|APj^^J 1 I 

^t) j*JcJl 4 ajJjI j>-Vl «JLa ol£ j^\ 3 

4jj-*-j 4^-L>-P 3 vlrfjlill I ^LaII .SJbO (jf j*i>0 (v^ 31 <—■jUIaJI 

(JjJaj Oj jj 3 U lij L_J 4JLjJ* fiJlAj aJUaPj j^£Jl OljL-iVl 

3| 4*,**<m»JL> Oj im^ ^jCi^ (3^ OjH 43 L—. L 3 3^ 

. Oj-saJI 4JL^p jlp iJlill 3 aL^jJI iS^^>~ l^U; ^jJI olj^JuJl sJs* 
I J? L w» J I ^> L a ) CuliJl ^jJl ^Lill iJLfc of ^^IjJl ,yj 

■ *lj-Jl <Jp t-^JaJ\j 


WV 




*P*VJP-*iP (J^PPj ^Jl jK-jJl JP Jj-UJlj >Jl J^J* 
ijUpjj^l J^uJl i»UULJ jjVi jJ-I Jtc JSLiil k.j j ^kidl ^)\ .U-l 

iu)Vl -il.;.* J cJjJbdtj ^ijdl ju» J^JI J»LldJ UU* «jUpI jZsj . Ji-Jl fcJl 


oil I d-J 3 I < 4 Pjjll A^*ljjJ 1 

Jp Ujlc- 1_; ^ s^JjJl oil I oJla jli IJla £»j t j y^-Ul LjJp J.^>- ^\ 

isASj^-\ 'I »lij <_j bkjjt U ^1 ajj,,« i«ll t_djU9jJl 

L»■ *‘"l aj^aJI aasjlJI ojla jl5 jJj . aJL^aJI 

>j±\ l.u (\) 

GAY, Thomas., Cine fluorographic and Electromyographic Studies of Articulatory 
Organization, in Dyn. Asp. of Sp. Prod, 





J5IJUL; Vji v^' J>liJ 0l5 liU oli^l y> 

dJLlij liA Ay^U oLLaJl yp L ^-Jj-^aJ (Allophones) 

UjJUdj aS yJL* (Motor commands) LSy»- y Ijf yp cJJLSo l^f y$L 
0yJi-£ <-)^*^LJl jlS <JLa 3 JLllj , Ajj« 4 11 ily Vl 6*i«A (J*** (T^l 

Aj^L »i^> a^. 1>,^aP^j^^Jl y« 1 

J) ^ |I j^b^p- y£Jj . (Linguistic categories) AjilJl 

l\j\ Ju XjJL* ^\j>- Jp JJ^ Lfei jl 0 j\j>)i \y 15 U 

. olJb-jJl 

JUaJj . aJLJ! a>wJI aJla d-^Lil twJjjc--j N y* j 

yp CAw^ U LaO^-j *)} 4* 1 <4Pjj^SsJI (l)f Aj ^jJaAll ^w ^f 

aJuaJI oLa ot ya Jj "i/ Ajf OOp- . Lpjly>- J^j <Le^£Ji aJujJI 

y^£ yp- t ( J-Mapj^ r ^Jl <i^>«-Jl JJ. LjU-I AjSsJl^i! oU L * J l L^ly 
aJLaeJI olS^-( A3yca jyP CjjJaJt *LapV ^SjJLJi ^UaJl ^ jA> jf 

oUup JLp 5J>ou 0 j5sJ Oi aJUapj^£JI ^j^jJI of uLiLSTI Jij . Li 
oJLa jLipl ^jvj>-LJI j^«‘ UlA Jjj . jf Axll^- Ae^lS^ 

Laf C~-Jj V^J' 4 Jl»aJ 1 yp ^JjL^j y° 

C^LLp ^JjCI 3 ijJl eJtA t . **- ^ <_#*ri <jj' cS^^' JAyJl 

^jjj^aJl y*j La y«j . oLJujJI eJLj~ 55%Jl oli iiycaj *L^lpVI 

JL>-Ij £jy+0 ^L)N j.^aP ya Jtff lj- yJl ^LpjVlj ol?yi-l ^0->u jf 

oJla J5 j aS^LJI oli o^La* 11 

UjjU- La ^a OjLaJL jf o^jpiwa aJLaP AflJij i jf ^3 c^LapVI 
. aJLopj oJjli ^JLaj Jjil Lf Ula ^*-4 ^-Jj . o^Lap ( j^ 
*LapV1 Aj cS-Ul <3Uaj ^ pj jjJ Lajj^ 0^ Jji L^3j 

.Lfi 

A-JUaJI J L Ijj 3 v—.<a.L> O^LaaJI > of (^JJ^j- 4 

I ^A oJlaj . jJ^apj 4 JL J l>"^JLi of 4» a Ja « J i 





: o-jJl o^Lap _ ^ 


aU-I cj: 

Superior orbicularis oris 

(OOS) 

LJLmJI ly_, tT.-l ' aJUabJI 

jJbLl C_£ 

Inferior orbicularis oris 

(OOI) 

JjLJI aJLaaJI 

jLLI 

Buccinator 

(BUC) 

4-pJUaJl <LaxJl 

jJLLI su: 

Levator labii superioris 

(LLS) 

ULaJI <o 1 J\ <LoaJI 

jlU-I ^ 

Depressor labii inferioris 

(DLI) Jd-Jl L^ailiU aJLaaJI 

jlLA-I vi^ 

Depressor anguli oris 

(DAO) 

AjjljJl oli <LajJl 

aJULl ci 

Mentalis 

(MENT) 

aJLoaJI 




: jLDlj JJUJI o^Cop — 

jJj^-l c.^ 

Mylohyoid 

(MH) 


^U-l ci 

Geniohyoid 

(GH) 

V!>Ul LJJdl 

jJbU 

Anterior digastrics 

(AD) 

a^IaJI 

.lU-I c-*i 

Internal pterygoid 

(IP) 

a^UJI 

jJbLl 

Genioglossus 

(GG) 

a-JJJI aJLJLII 

jlUI 

Styloglossus 

(SG) 

A^Vt 4^Ui\ 

-lU-| 

Superior longitudinal 

(SL) 

LinJl A,Lk;.Jl 

JUULI 

Inferior longitudinal 

(IL) 

jJamJI aLL:.J 1 




slfill o^Lop _ 

jUULI cji 

Levator palatini 

(LP) 

LiiJl UljJl 


Palatoglossus 

(PG) 

aJUDI UkJ\ 

jlU-I 

Palatopharyngeus 

(PP) 

a^JLJI U*Jl 

jJbW >_.4 

Superior constrictor 

(SC) 

LU11 <*U)I 

jlU-I 

Middle constrictor 

(MC) 

i,Uil 



\ 4# O^UuJl _ 

jlU-I 

Posterior cricoarytenoid 

(PCA) 

yiD-l UU-I y^1 

jlU-I cJ- 

Arytenoid (interarytenoid) 

(INT) 

yUljJl v>l 

jlU-I C-^ 

Thyroarytenoid 

(TA) 

v>i 

jiU-I o>- 

Vocalis 

(VOC) 

y.JU-1 aJL^aJI 

jlU-I 

Lateral cricoarytenoid 

(LCA) 

a-JUL) i^l ULLl 

jJJ-I 

Cricothyroid 

(CT) 

vjJJt i*U-i 






W1 Ji>J' 



aUAaJI j*—*| 




: i>jbLl s o^LAp — 0 

jlU-I 

Sternohyoid 

(SH) 

O^Jl A^nOaII 

jlLLI C-^ 

Sternothyroid 

(ST) 


jlU-I c-P 

Thyrohyoid 

(TH) 

OtAll LiijjJl 


o\-M\ ^ Q 

Az~»\y 

iibb of j* (Fiberscope) jUkdl iJIJilj iJUaPj^AI Cu-iS' 

(Adductive) iiU-l o}La*Jl 0^ NjLs* U*LiJ 

LiU-l iUaJl Ju i^U* ii-Aj aJUjJI *Uit (Abductive) ioiJJij 

ijjl dl^d dUSj INT U>.|jJl v>* PCA UU-I v>' 

<J tljil jjf ^3 iwJLlalJ ^Jl olj-^VU (jixJt JUp ^>*-> i-jj^aJl 

.o1 

4 I ./>all ^A ^ <0* 4 j j>w>- 1 "0l50*J^^*f 03j 

<JUajJlj 4 i^ajJLl ijijjJl 4JU<audlj 4 4-4aJLaJIj t A^iliLi 0»^i>l 4-JLLi-l 

oLJi^vJl ^IjjL (jJaJl frbif ctUij 4 VjjJ! a-aI^-I aJLa*JIj 4 

ja ^iJlii olSj (Minimum pairs) Jit \jy* JjUj oli ijlLLJl 

1 Ji* JcL\j£a jwj y+p {jCJUP (ju ^J-sAaJI JtLijJl <J <J jiJl j-A 

. I JL^Aj jI>iAj^I jt 4«j-<A3jf J j$0J 4 ( j-^ilj 

fiJlA jl^» ii j*j» ^4 U Jb N Ajli 4 -JLSLHj jj)j>d J yCi of 

^Ll ^^JUp J 4-pjJ ^JJl jjjJl iiyc® pjJJtj J 0*>UswJl 


■ 0^ ^ ^ 0 ) 

HIROSE, H.: «Electromyography of the Larynx and other speech organs» in Dyn. 

Asp. of Sp. Prod.. 


NAN 






(V-*-\) JSLi 
:£U>i 


. jlajil jLJ _ ^ 

. y.LH iJJl _ Y 

.OikJi - r 

. ^jJJl — i 

. iJjjJl A^4 Jb\ 4jUaaJ| _ 0 

. a 1 .,<? «11 1 

. ^yiLU _ V 

p—L \fi\j jlJjVl 

o«A^ L *Xi^ «^ I 4. 1 .. /3 . *J 1 1 I <»La ^ {S*^3 

iSJ>~ 4 n' I oJLA ^yjlAjj . I-La J>-I jl^a <j <JL,A>Jl 

• +$j)& ^Jm-C 4-jj^aJ I ^Ij^Vlj La 

NAY 




aJ^U a3 iJ j^ti\ aJLaaJI j^Jaj Vj IJLa 

. ^£jli-l ^jA ijjJl <j* <J-ll oU.Ja.ll {jA jJbu ollai^ ciUij 



<A-^) JSLi 
lJU-I i1 o*>CJlp 

. ijjUjli <-jjjJi <LaiJI — ^ 

.V>* aJU*JI _ T 

. OyU A-JjjJl 4JLa*Jl — r 

.OUrl v>l mLM aJL^jJI _ t 

. aJU-I a~« jb\ aJLU-I aJLa*JI _ o 

. A~j jAi aJUoaJI _ *\ 

. ^jJlH l-ij jJajK Jl — V 

. <.,«.) 1 oJlA ^ - - * A~ij .431 aJLa»J1j V© i AJi^gll AjjJl li^-l aJI (^) 

oLaJLcJI \j j)\ LU aip j a* ^ Jl o• ^ja amJJI ol y&\ LjIzS’ L^J ^1aifj 

. \A^ ^jA> ^p- A>*i-uaJl ftjjfc 

NAt 







.jUjll jU _ ^ 

. (j ji. )l >-»j — f 

,V>' iU*J1 - l 

. ijjii-l jJt ' A-ili-' aJuahJI — 0 







.*3y)\ ;U.JI _ 1 

,li*)i i^uii iu#- _ r 
,U_Ul v^ 1 <La<Jl _ r 

. ^ixuipl UyUll ^aLJI 4 1 Jit- — i 
. ^1 ^1 _ o 
. — "l 

. Ji-Jl i«iuUJl ^jaUI iJUaP _ A 

. ijjjJl <uiliU iLixJl — A 
.JjjJl JiU-l UJt _ * 


N AO 




^Jl>" ii o-La Lj* ^Jl o^bb-*J I ^jp bVl 

: ^4-1 

^ ** 4 A 1^ ^^^1 ^Jl>- ^ ^JLojJI o-La jy \ 4 I i/lo )l _ V^l 

^ 4 »w j b Jp^aJI 4 yJ 1 ^Ji^b-J <u Jb “l-U 1 1 ^4 lfl « «i^J 

lj^Sb \^ iJ ~±}>\ j\ ^ tww-Luj U 0 ^>o^-i £j ^ J^JLj Oj-saJI jUjVL 

■>“' £fy J 

b^jj-JuJl ^0 J5 j ^?y • oLu2li-l oLuj jjJl o bJLa*J l _ UU 
. ^Jjj^ajJlj JjLJI ^j-01 'Jsjb (jv J-^aJ ■ bb*j^ 

bJUPj 

b^j j_s^aJ1 ., a~j ] jl-i.1^1 oLuo jh\ oldbuJl — UJJU 

. Oj j^n\\ 0 j>*jL 

o^baJj * oLiwU^I qImaU-I oLuojjLI oLJUa*JI — bb j 

. c _ 5 aJL^-1 ^J>jI ^j-JUo bsr®ji»l b^j j + j z * 1 1 

^-VU b^J^iI (J^3jj»/ln}\ Ja^j ! jjtl 4L,<a«]l _ L~ob* 

of \^Ss ‘uifVl ^JlJVl y aJUa*JI o-La ^y* oj£zjj . i_aUM ^ 

^P iljlil ^-iLJ Vi 'jA APj-^jf’J bis ^jh I [J^j j*/3n\\ ^0 ys 

4Pj^->JlI 0-La C-*hA-AjI blj ,jp“Vl oOpli l^fvo Jb 4-*3 hiJ> { j^ Aa JSLi 

. ^>>“Vl oUl j ^ *>\5 Oj-L>- 0 J^>-Vl 


] b 4-Jbp - Up 00*^\ */2.x }i o-La 4j ^JL b bf 

oLu-jUb 0 b Ji U -i oLw^ijil obLa^ll j-L £ \ ^^1 aJL«»p _ Sfjl 
b b a U b oL^jjLl pldb^Jl C—Joj . v—iliA-b ^bVl ^jwj^aJl byyuJI 
,^>-Vi jp 1-Uaj Lo^Jb^l bj^ bUj>«j {j?*jb\ ^y 'yr obbJLi-l 

1 ^ J I (< A-L of 4>«—Ji 

Ua>- ojis;3 o^5>oJ-l ji ^ ^yLijJl bf cv^Jlb ^Jp’ 



5? 

jUjVl I Joj ^jjJt ojdiill \Sa ^fj J 

, Auj| */3 11 

^ o> ji>\ aJL^JJ : U* p — LjU 

Sf 

0fr3j j ^ a .^31 <ja iaj^J oj^Vl ©JLaj . ^^ai© (J^ lS j* 

^jA ^5 ll oJLfc i^2 > <3'.) LaOlPj . ©0^-15 

>1 jt CJ>jJl <j 0JJL>- lijj •cS^r*’^ ©l^l <j <—^£*3 

til Oi? 4 Qt3j^sAaJI fU-Mail 4>«oJl JjStt-3 <U*^jaJ 1 APj^>Jtl 

.UL-UIwlH y-Vl 

0^3j-^l jll^a ^Al Q LUa ft) t Q—*^*4 > I tjf 0*3jJt ( j-j3j 0OJL>- l^lj 

jliJji (iJj^aJl jljjVl jJ* l5j^^ 

0*^jU jt <03jJl (J <JOJL>- lijj . ^L«Vl (JJ (0^O^Jj» /a , ^] l 

Ot^j coJj (Jifc jloiii-l jloili-l jLo«^At jbis^Jl 

* 

|JLi | c ^jJ>«j 0l^3jOSl oO~© jil jbJuiJl JLiJ O' A>uiJI Qj&,**3 

fi JS # 

. 1 jpy^\ <j ULj liUaJl AJj^oJl jIjjVI (jLlaJl ^aj If ^ jy* 

jUjVt O^S* of jp jJj . A-^L^oVl oj^-il £jy+p iJtji-i ©JLfc Jj 

( J^ <wJl<-p^ jj^ll e-\ ji>l oLi U A>- ^j, UjA-^ iJj^aJl 

* * 

^jji ii-bf- jijjVi of ©jo^1 aj j*/ s 1 i jljjVi i©jli© 

■ *;*> — ' 


NAV 






: Ji L* J .^k 

.(*--») 4JU- <J ^UL» U-jiUj ( I ) 4JU- (J Uli <iU^ <J^aJl j^i - 1 
»3^.| J Ul ,i*iJl j (£).> (V) ‘( I ) J oW»k L^J jk>l _ rj - T 

( T ) iJk (J klji j>*Vl uT^ L^JL>-( jlUiCj Ict*^ (_)d.-ll 

jL^UJl oiji-l Jk> J JkJl *-jJrl (^ki(r)j(v)^ J-> (u-^ 1 ) 

* 'e « 

<j 4_J*j (»—■>) *—)U- <j UilJ 4i IJif-j U^t ./r.« 

•(?) ^ 

* # 

<Jl>- j ^LU JbuJ l^^Jj ( I ) <)U- j Uli { j&o j.laJj 4Jj-.aH jUjVl _ t 

.j+lrl 5U—11 oUJbJLII ^04 ^JJl j* IJLaj .U^j; (^) 


\AA 





jjj ij iJLIJi 4 j j>d\ L)Vl 

x p oj^S^ALi */7* 11 JpLJLj iljlip 4j j >* * }\ ^ ^L$ 

(iybUIl jj-f>tit La jJij fjLJ {£ (k) c_il£3b IxJ SJLL <uJL£j 

• (g) 

# 

*Vl jU h£ Ulf j^JjbjL4 oLij-sa)I jIJLa olS' Lij 

iJl>- 0^4*11 J^Lio J oU tolill ^ y^T^J 

* f 

.^^Ij j^A-l j l*>-lj Oj^t iSy^j 

jLL?| J>“b (>) (geNri and keNri) L Pj ja J5 Cjw»j JLSj 

i>wj iijy L/ 4 **^^4 ^ L* ^Lb jj>- bUSj (Bedding) Jb-lj ^^LiJ 
bw?j ISJjf lA^pMjf SjLuJl Jjl <J ll«wij lij JjJaJl jf j-Jl 

. (Y) u^b^ ^jltl J 


*b_rt^ Lit 1;^ Jir N 0) 

l j—Jj L»_J» Lfjak ^>- i-.jjjil iui^Jl £-*>y J»UJt 111 jUa'i/L \j a<aU (Y) 
Ou iJ£Jl ^ dJij JU UKJI J »UJ1 Jk jL^I JLli Jfcy ob>II r V jkS 

. ^JIaJ Jli 1 j£a (C-SL-j , . . JU» 

\\\ 




• ^Uijf (JUI |*—'jJI Jicj 



(\Y_A-\) JSLi 

)>r ^AIj 1 X* J»LLJl j JyiJJ giji 

.(INT) v>I <JU*JI olS> ( f ) 
-CjiLU<I v3aJ1 o! 5^>- (k—>) 
. (PCA) Ulil 
<z*j4 JU <La*J 1 ol£^ ( £) 
. (LCA) ULl-l 

■ (CT) iJjjJl aJLU-I jJLajJl olSj>* (i) 

. (VOC) <UdJI olS'^ (_*) 

^jXdi JaiM jt Ja>-V 

-UiJ!j JU 


^4 4L4P AS^>- IjA* J {j* Oj^Cj^ 

Oj-soJI Jai-I JiCj <J ojjSUil O^LaaJI 

• (g) Oj-^aJl Jio-i iaJjJl JaiM Laf (k) ^^ 4 il 

•(Jd ^ <y* ^*~t 

L^ULLj jlS' o[j ^-*^1j jJl>- J oj./?Il 4_)Ui*Jl J*Ll) ) 

UL* cyJlj .^ 4 ^^ aJI^ ^0 a) 1 >- ^ 

oJlA jJj AjJj-vflJl jljjVl JLi Ag i »P (J . 2 >j 4 >«jC 

(S ” * 

1 jJL£ £J ^-1 ^ * 1 jil ^>- j 4 ^l i!U j <J>-I ^0 aJLq^JI 


. 0JjLJI (Hirose) Jli* (\) 




tjL-Jl JaA-l Jb*J IJUb J^-f ^yk jUjVl <j 4I*Jji 

iaiM) JiUil lai-\ ^ IpIAJjI JS\ -laii-l» 

. ( JaJL k ) I 

<J aJUa*JI oJla cJaJLi : iJjjJI iJLLA-l ^JLaaJI A?LiJ — Y 

of IAa J Ij . <jcJtA-l t5y 0j3 A 1 j j-gA-l 

^IajL cLltaj 4 yy*> (£>“ Oj^aJl jlJj^ll JLij ^y& ^Jl ^a aJLaaJI o-La 
J jA f iO-Aj jAI <j^jjJzd\ 

, 1 

■la t aJLaaJI oJlA of ^ * 4**jl^l 4^jAI AJiU-l 4 L« ^ l*. ) I JaL*w — f 
of . ^SUj 1*^ op ci 

^-C ^>-— \^A J£J Jj j+ai\ JLP (jw»jAI u)ij j*/an\ \ <y\£- 

J 'Aa ^fj ol^l j J5 (j^fjJ Icrj'^*'^ 

I^JaLjwJ OJ^3 iiU-A iJiAj . 4***Ojl 

. ^jjl (j ^sAij^A ^ <j~*i>i jf J^\ Jv 

0-^15 Ji aJUaaJI eJlA of j*-**^ jAI 4 JLsAaJ 1 JaLU — 0 

aJI>- o\S Ojo c 3 ^ 

4^3 *3 aJjIII ^ *N<ki> 1 <JL>- aJL>" ala ^^pf 

* * 

jXjj . i£j>- Vl 4*ftJi)L ^>- Lji L>jb- jAI j-m 2 l*JI 

o-Xa l^- jJI j>-Vl aJUJI ^sl U?LiJ 4-UJa^J aJLojJI oJLa of 
A^Vl ^-iLJVl J^aj aJL>* jj ,^JL| jlip aJUaaJI 
^iJl ^|ja!I -UJ ^>* ^>-^1 L^Jb-f (ju^^Ai 

. ^^4>Al JCS' j^jj 

4-S ^«Vl A_j jJbulNl ^jla ^ ^>-f oUJ SUliT cj»jU^ o y>- Aij 

AJb-I^Ul 0j>C^\ O^-ip C*I5 j>- (j \j ^0jAll 43 jaI 4^—JjAJlj 4^jLwtjJij 
. Ijjb j5A li iljljr AI j ^JLI ^JL>- 



Oj */2 )I oUtjjJl J l otS" ^y**j ^jA o^Lal^Nl ( y^Sj 
oljLJl (ju 4 <i^Ul l j. N Jj ^Jl 4 4ja^3jJl Vj-^J 1 l?joLJ 
«jjf) filiti o^f# j l^f) U^fi ^jujLiJt ( Ji<a i^-Llill 

fi 

. L n o +*» oIjjIaJI 4jLllI3 oil! I SjLaJI ^jA tLLl .^.n ./3ll OxA JaJL—J j , (LgJUaj 

of j£s j£Sj (JjiJl Ijl* LpLw iiJJl *L>f j^p ^y» O^-Ul iJjJU N JLij 

iiLfc 015 U ISJ 41* ^^ Is ««*i 4 JI..«■ '> • 4 w 11 ^ I jCw^a 4j^>wJl <la>-^\j 

. <jsJjL*Jl JUP Jl 4 J L» j J I (J (j 

. (jiaJi <—^P l^li ^jl>Jl dJlA ^«.la*Jl SOJliJl laf 

jf 4 Q%*jA) fiJUflP ^jp i^U 0Oi (J-lxJl <—>yS* of 

f 

J^P l^l 4 —*^.»J 1 IS6 la V-ill^t ^j^jC J}* ^ 

<pjl JUJJL jkJl xp J^5Vl 4^Jl Jp l ^iJUju ^ j>-\ j\ aJUap r lJ ^jlp 

0^0 jJj i-ejjl-ajf jJjJLjla aUl*JI JJU3 ^jjJJl 4-^J».)l ^jjjC 

? 

. aS">>»JLJ i«j*>Ul iiUaJb iLk*Jt jlc c5 -..a«. 1I jlgJr' J U> y> >_ ..Jl 

• Ohj*^ Oh^ - jL»—<j (Jj 

: 4 JU- _ Sljt 

1 _ iwtl^l 1 i\«» 4 jAl i p 111 A I y I ^ j £* 1 ru 1 ^LJl ^jLtj 

(j (^dai» ^j«jC) (Syllable) <uJl$vjL ^la■'I Jup jc*>jAI 

.^iUl c^lj jJU- 

*jJLl L»t l^JL- Uk; (JkJlj ^>JI) ^Vl ^1 Jio 

" # # 

jL-Jlj <J ^jIaJI f-j^^y . oi<oJl L^jua Lilaj (^JjLJIj (^j-UI) 
jl**Jlj ^ (3^* ^ , - ,, ollll 4JUa^Jl iS'(3^ 

* olj^f jJl ^a . o jk I aJL^hJI 55^ 

, ^,.,LJ 1 I JLP* La j+p$y A » ^> i < wJ 1 JL P (s) 0 j^3 \ 

i!L>- J laZl^a ^p ^^cJUaJI i5j>- jf eJLi ^jiwa of Y 

. j+JLJl I jup &Xj* yb oioiJl 




Or.^.\) j£- 

^iUJl ^£Jij j OlS' y>JJ J-iji 


. (PCA) -Up UUM v>' *JUJI ^ ( f ) 

.(INT) Xp v> 1 iL ^ jl (^) 

.(PCA) j i-iii-l i~* jX\ <JLaiJ1 (^) 

.(INT) ^jUII jo>' <LaJl (3) 

iiu- (J L*^ 23 j < u . ; o ,: Jl <JU- (J (s) <jwJl ^jJaj t$J j £+ m \ ^Jl J ^ 

^UJI f *£Jl 


; l.u.w.4 l2ki 1 j5lj**Jl (jJaJ — UU 
<jladl pL^apf clLS jJLaJI ^JLp J^aJ j 

? ? b 

4 J ^Jp SjJLaJI ^ Jp 4^5*1^ J5 l -w hlj 15-33 1 $SJ 

# 

(Ataxia) L~5UI l*U ^i^Jl Ju 5-lLdl aJUjJI 

iaj^dl 4JL3jJl ol5^i-L> o^L^jJl ^Li ^Jp ^SIjJl ci ( 

. (jiadt pLapI ( J-5wd 

<■ 

pJu* j up 0 jfi UIj )) a.»JL^J I ^^jiaj ^id I dI 

^Jad J-lC pj^-l • uyj*? J^tJi J^£j 4 L~*£IjVL 






I I O' . ijJujjA ^ j/i}> %^M ^IxJ 4 |».«. L »> J I 

<JL^p j ol5 ^2Z oliUI oULoJl Uf . jcJl±}\ SS j>-j cLLjJI aS^ 

| C ^U 5Jj>-I jJ jaj Jij <^jliU| ^UJl dJLaJl 41 */a Pj 403 JJl aJLojJI ^jiaJl 

(il> cM J1 y JS -(AD) y>J\j {SJ^J (GG) y>J\j 

dltaj . (<—•) t—» j^LL ^****^1? ( f ) <—*LL«Jl iSj> JL) j>j . JiO 

. 4xJL!Ij dJUJl ^jA J^J 4 .-. 0 JL 

: jl U £jJ>y. <y j^ij 

OLj ^ia*'.* dJLoJD JJUll jLJl iaiLI jJ -j ( *JLJl ^^jJl ( jlaj X^ 

JUll JasM U . jlJLlill iLli JiJ JL? Jpf JJ iUuJl S> oJtf 
j&j j*iaP’f ^laJj'ifl jlXi* lj dUi^ ^laT‘.« jJL-i (jCadJl 

. dJUJI <ULxp 

f S# 

j j^xJl ^JaJ 4 .»>J Lj 

. JcUi*Jl ^ *S,'j>- j 


viUJl 


(») 

(V) 


ttj!* 1 ' 


(V) 


fl 

HUnon 


9 












1 


viUJI< f ) 

<V) 


AjOJI 


(I) 

(-T-) -^yvvyv^ 1 !^^ 


it mu 11 In i« m ill n» until 


IIUMMIMfllMIII 


iiiiiviitniiMimi 


JS^JI 


:JXJI JSLiJl 


<U-*-t) JS^i 

J<,M l) j4»fcj)l X» jciXlj dJLaJI O^dat otf^»- <_jI jkd>l J^LiJl j^eu 

JLlt c) ^>fcl)t Ifijlic (,Jj-Jl 






# 

# , 

Jp (<.j^? < jili <i* <w>jl>*JI oJla J--^U: ^p < 1 jjl>wo of Jpj . Sj^illl 

.Lit $j ol^i lL./all A • -« j~~£j of j LL^aII oOa oLaL> 

. LjAP vJUjO^-I 

(Co-articulation) 1^1 J^tJUJl - Vjt 
aJL*-P J Ol^Vl ^j-a ^Op iJlji*il ^A 4 kill 

4jjjL*£ j( j dJL a ^j^uj jLlli ^»jJb 'V SJL>-lj M^Siai oLLaPjf 

. ^Uovu ui] 1^ a^LojJI aip t^^p'f 

v»I~J y+p ^Lj V ^3^ ■^l-^-- 4 l JiX • CJipp Jp ll 

. Aji a^L*-*JI 6JLa >X>-jj of ^JUl fI J| JjL* 

aJUp *y»j ^ SjLp j^i ^>-Vl £jJl Uf (Carryover) ^IJUuVLi £jlll lip 
. a) J Laji^>-^J oJJj^ ^L-Jl ^a <x>-jj ^f ^ypjpji j 

.(Anticipation) ^jjiJI j*—L; £jJI tip t-i^Ajj 

AJikJl (JO Lav^I I ^jA ^S^f jf AJL& jt j**Zm+*\ SjLp alJtSjVl ! ( f ) 

. y**\ JUj jf Sj-iL-A <J (3>-N Oj-m^ Jl JjL* Oj-^ ^p 

aJLJI iSJi-l Jl ojJt J ^1 aJLiVI *jup jlJCul OjjJl J diJS JLuj 

. «jU» Ajjyil 0 jJ^Jl J U 

JUp ot>*$ £-kiO V Ajj^aJl ^UapVl if_p^ J)L 3101* VI j^iJ 
0j£-> iJLioNl aJ ^P of J> 4 A»k La J^ (JlSl»Nlj \l*>y*i0 ^jA frLgJu'yi 

oUm? (j^f jf) *ju& L pJ of <j* Aik JLJIjj 4 a^-jOia 

. J^*3l j^Jl pbif j^t_Jl Oj^aJl 


O yjp AajN J^f jf Ajiki aJUp frJj jA ^3 jJl ^->u> ; jl} I (^) 

j+ mA i j .^—^Li-A ^%p ^f l^wuLvA La**>* aJLp ^pL*^ ^L l *Lf ^La 


®<A>fcdl oUVjJL <->waJl ^ ok“ sj^y v-^jUcJl oJla (^) 

.ojSi ^LJl aJUj Jit .(Thomas Gay, Haskins Laboratories, U.S.A.) 



La i 4 (Target) Ajjial# ^iJaJl ojaU? 

^IiJ| U pL^pf i3^> V of 

o>-L a*^J^ 4 ^ L a «■»«-£ 4JLp ^%4 ^)LupL 4pJL> U^ A*b U 

SS i* 

Ujup Jliil Jpj J5 iS'jjL LL^ liOA i-b£j jUpVI J 

^-iVl J pI^AI <3ij^ AaJa^- OjjJl a.^JI^JL jla« > 

SljiJt oU UJj . A^i^Jt j Oj-^? Jjf ^ Jj ^JlLj jiaJl -Up V 
IJ^Aj . ^L!L <jJaJl JUp ^f <uJL£Jl Jjf ^ja Lu ujijVl <ji^9 ^IaI 

^jA O* ■ « J lf-f |*PjJL 4 Alj^JaJl A>fcZxJl^ J A gA iVt 4 fl ■/? j g La. 

Oj-s^ ^rji y oNU-l J uyj^a Jt AJakJl oLUaJl 

."Vi 

? Jliil > J*j UkJI u*.jJI _ Lili 
Ao.—IU Lil» AjikJl aJUjJI 0^SsJ jt iJkkJl oJj>*jJI jA ^Jaiil jt ^la 
of olj-^Vl pIJjJ yb ^jA olS' jl ij . ojLjJI J ^l?Ull ^ ** * jcj 

AJliVl ^JaJl {J* Ajf ^fo J^IjuJI lUAj . 1 ^slai J JpMJUJ olj-^Vl 

JjUJI Uj^LJl aJUjOI ^p aLa-m** aJLj J o^Ji jLupI ^Jxx V 

. aJ jf aJLp 

, AgflkJl aJUjJJ iJbVl oJL>-jJl ^Jaiil jLlpI J| A^l jij 

:^l J^Udl Jp U^fj f*&\ *bf ^ . tdtt 

^ll)N ^jjl J-Uj of AjLi {jA of {jA 


j ^ ^-*1 taoL*l* UJX Ulb Jb*j Jaiill ajj-u? j JpIxJI *—w Ji (^) 

^/yi Jl _Jl *L ^U>1 ji\ Ajj* ail ^*>UVl jf to^AUil 

LfeJbu frL»j U^j c0i5 pjl jt Jp iI xaj .(^UVl) pj! V j^Jl 

Jp t U- 15 J 1 J>-b jOj^aJI zyrj IJa Jp XpL- Jj j . *jj«° J 

jj^ ^a p-p>u i jii jjj jt Unj>- «oi» jii J *-tJL j_^Ji ^jA 

•iSj^ ^S* j ftp^l 



<jt i. A.Sla'.'l oLUxJl i_iJL>o Lit IJLa {£*i <_)■* 

.fcbVl APj-- Sjfi- b^> m jf j«V*i N r Vl 


i 4 JUI ol^Jai-t jj£\ j oJlA _jf_^Jl53i Cy j 

: SaW jLii-1 (t ) 

eiKJI «4* i aj^Aa C*>IjLp O^LJLy* <^+>- Ul jl^l 

• <sy^ y~ ^LJl ^yj ^^y* j (K) 

.jLi>-VI IAa .iujVl eJii 4i>*^UI oij-^Vt <Jp L* taj-j 

:<>> 


4jf O-jjf) c5ji» ^j-p Oj-^? — ^ 

iJLJl tf^l I^JiS^ Jj>-JLij V ol£Jl of jf) iS 

OjS Uf . v—il^Jl ^lilj <J il yJ£ V jULII *1 y-\ * 1a«* jf <!.•.*>- 4 J 

# ^ 

V 4-4j^Ui 4 A 4 P o> Iju& 

. JIS31 jkJl AfSL VI fjiJ Of V U SJUl XJA 


4 . j ^ u>a) lj 4 A**/2 11 0 J .. S 1 1 0fti ol£U aJUI^ 4 JU LJI 

4 JLUVI ^Jp JUaij dJUij jf> Vj (i) (a) (u) 4Awa)l iwdlj 4 jc-JjJI 
^Sljll Jt£ vi^l olS^i-l oJia jVj 4j>>^JI J aJJUlI 

oJlA <w~j j oLiL^I vi-^LlI ^laP Jij . olS^pJU ^j-^aiSl 

.^>*jJl lJUb ^Jp 

. . i>*ii + + 0 j~£ + i] . . \j~S + jSL* + 0 j~S + i] 

. . 0 ij —S + * + 4>»ii + iJ 4^? + + 0 j.^5^ + i3 

. . <u>^ + + i>ci + iJ i>ui + ^L- + i>ci + i) 

■B 

. *U jf (p) 4<rfj«> j * eU jf lib (jsb^-l (jy ja.»ydl -^Ul bj^i Ji 
a»JL«. < J ^l i^ 'if j^ j *^fj^ Lj»T oJla jL^-I (j jmJI uf 

jkj jJj .U iJUl iS’j^-lj l^JL^ iiLJl iSji-\ J -b"jj 

.jl^l Ijijfc \jj eJLfe 


t 


r 


N'W 



JjVl 55 j^-\j jklll JUp iJu-P jli JULj 4^L>0l 

(j*>Uajl L^a , ( j£\j~J\ eJlj- ^jkJt XP o^Ip *)} 

4«tflalll i^Ul ^5lj-Jl oJLa ols ojL*jj . jl^i-t Ol^J 

J1 JjVl 55>l ^ UkJI aJLwJ\ J jl^Nl 0,3 J^V 

0yL)l5 L5l£^l Ja~.jdl j5Ul ol5 ji ^04 N Lu, 5Jli)l 55>l 

* , 

• uyJl j' 

# # s: 

pJ . . LiljpjJjij ^oLoASsJI odA — t 

-Uj *jjL| 1 -La < j*ai dJJSj . JjVl ol^Jl ^JijC ^JJl t-ji ^I JajjpiJl 
^ jL>*AjVI aJL«-P oV 5>fcs5lj A,!aA> Ala4) 

<wJLlaI? ol^Jl jf 1^ (J1 olsj«i jiij 4 5, lx** ^I 

5 153l__) ia - 11 4 _., -. | Lj 0L ■*«« 111 L* I , ^\»Aw> lJ U? L^' U.s^»J 

Jj 4. ; ..oJlij . 55 j5“1j J^lxJl JCLP Aa^jJ loli dJU*i5^3 

lUjC^w a dJJ-i5 Ala { j/a^ JlA5 L OjLp J5 ^ AjljJl 55^>J3 JLJl *jJU 

. LfrJb ^$JiJl ^5LJL jjJalllj 55^“L> JjiaJl (jy iJjJl j^JcJL 

I (<—>) 

! s-bjf 55^/1 oLLajJl 

J3j . SjLp J5 ^jiaJ *bif J53 ^-51 5*JiL ^y l<0~*J l a^J t — ^ 

^jeiJtJtj dUJl Ol5^>- A^-jJ| twJU- z^a jJ>j.s <a . J l (1)15 

.ol~Ulj 


OuiJiJlj dJUJl oUL!l <Jp (Pellets) i*JL* — T 

. i |%wh*» 1^11 a la - ^ 1 ^ > 

* 

. Lfl J l p ^Jl ^IzJl aj^^ Uj-^j — t 

’ ^j-^*»jJl o-La ^ya J5 (J oLU jJ I oJLa 



SJUI j 


: jUJl j (JJUJlj joLtJl olS' j>- — S/jl 

:«JLdl 



ikoJ Jlij . (ipa) aJ j^aJl APj^iil jki JLP jUJlj JJUJlj JciJjl olS'^ JSwJl Ji-C 
. ItjjLkl pjj UjJI j Ji-JI <LLiJI ^UJjl . (p) O^aJl jkJ ^aiVl kaM <Jp 


^Lfljjl jlJid <J\_o (jLJI J-P) Ja>- ^ OjSzjJ 

. La^5^ La ^k>- ^Jl l a}haj 1 — 

jJl JasU Jpj . ^yjJl ^J| Jai-L Jl^U Ja>- Jl <iDij 

^UjVL Lgiyj . ^UJI ikii ikij ui^ 

^1_»jVl-» _ >1 _)Ml iJ_<£ L_j_ _ _. . . £*_Jj Y*+ C Y + 4 ^ + 

. . .^i tT-i.X-t\- 

Jii UJLP ^1 ikiJl ji*aM ikil iJb» ^Vl JaiJ-l Jpj 








(p) O ^^ OJ*P ^1 ^ (3i 

. ijWi iSJ^\ Ip-jC JPj JjVl 4$j£-\ JLoSj ikiJl ojjb 


Y * * - W* — ijcSj^-\ L^oj L-Li* ^jl>- jl5j 

' * * + jyj* 1 <la—'jjj (JjVl 4^y~l ^Ul jiUfiL jl aJ^4j jLw Jp i £t!j 

oJla JS JiCj . iJlill 55^1 ^Li! 5Jaii Jp . £J| Y * * + 

. A^liJl i—il^ll ^jA *lj>-f IajL^jj 4iaiJl ^Jp 

. (ipa) ipj^>«il» jlaJl *LapVl ol5j>- <Jj 


Ja^la>*Al <J viJLi]l *Sj>-j (....) iaiil Jaii-I jLJJl 55 ^>- 
Uf . ^Jaidl j^P Ja^Ll (J <Ji--Jl 4 jl 1 }\ 55 j-j (-) iaJaidl 

C-jUI bjj+0 ^Ull a]ojl ( — — —) 0j*» /2 9 *l ^>4 ^Jaiil Jaii-I 

. oL**»Vl Oj J i l ^fj-U 


jkJl Jp SiUl ol5>l of pUp^U ilull J^kUl J*Lj 

# 

JaiM J <u^l>- 4jisdD JjjiJt j^uj . U ol5 ji-\ ^jp Ulc *UL 

4aJLU Jt.o.l1 JaiM J i>w*lj *j j ^ 'j (.) oUUl 55^LJ! 

p 

of iju . Ja-MI ciJLfljl 55JiM.1 JaiM J J$f Sjjj■/?Ja-MI 

aJLjJI j Oy JUajM a lad) ^/b aUI 1^*3 JjJxJ ^Jl 4 la d 'J I 

JjVi 55 j£-\ <j\j ^dla) JpMJJ Jj,>-jj cJjilt ^ JliJLj t Ailatfill 

# * * 

U^i ijliA jl Ja>v)\j IJla ^aj . 1 ^-j L>w^lj \j>-[>- cJl5 <L~>- <* iJlillj 

((jLJl JaiLl ( j^o ( jxVl *3^) iSj^\ oLJLII iU£l 

j->-tj jl 5 uLJJl of aJUI iS" ji-\ oJ l^ ^^yA oJLaJlj JjLJI ajLLJI ^U^Ij 
, iJliJl ^ cJjf ^ Y* * jl Jujf tJ-LaJlj aaJLJI azS y>- j 

. 4 J i^f N i.a.aU Jy IjUbj 

T ♦ * 





>^l jl—Ul j Jg ^Ujl J»OI (iti) jhi x* jUUl *lj»-t s^lat olfy- 

&JL jLJJl ^alL il..»- (t) jkJl Jui 


,_jlaJl JUp JJUll ol5 y>-j jl—Ul <_ib*£ olS"jr-jj 

• (iti) iJj**oJl 4 P^a>JL> 

j-J*Jl al l ^Liljl £X* iaiLl JiCj 

. 4P^**«>Jl ^jiaj 1^3jJCLil ^Jl 4^-ajJl ojJLflJI ^43 VI JaiLl Ui?d 
l _^3 Ja^lai-I Uf . frUU (jJalll l$J ^ji jAsoJl <Uij JaiLl lip 

jLJLJl Jb Ja>*j _) Jj^Ja ^Jai# Ja>* jPj JUI Ja>- 

oijJup *lj_>-V ^Jaio Ja>- jPj jLJJl AaJLLo Jo>-j t ^Ja.A* ^p Ja^-jPj 
Jai» ^jA Oj£sj Ja>- jPj jLJJl ^ ^^jVl JaiJl Ja>-j ( — — — —) 

^laia* Ja>-jPj jLJJl <j LjUl JaiJt Ja>j (.) o jj\>*1a 

— . — . — . —) li^J Jail Ja>- 

Y * N 










Ji jJz JaiLl of (*Ul jJaj JUp ^f) yua^\ Jaa) JUp 

LIaJI jl^Vl k>-) ^LaJI 4la [>%^\j IpUjjI ^aJj! 
(juil > JasLl ^Jp 4laAl,ll oJLA JuA>%Zj Ajl^ja iiyea y£jCj ji jl J-*J 

Jij . 4iUl (J ~*^ Jpf JI ^aJjI Ji oLJJl cJj* of (jtfcj (^Lajj*>U 
dUJl JS> oV U J^ Ji JaJI dJLDl juil J*U dUiS £*jl 
olS' Jij , LalJ ^Lb JJLaII Jaaj of ^j^Jl j^p (jr 4 O^S" o[j pLJJl 

i(Y) jt-5j 4 k, aJI y* jS f 4.....0.J pULSl J ^ij 4.k.A 1 )I <ju ^LajjI JLp 

t$Jbj JuJaLI I^Jjq v—ijkJl oLJ.ll j 4 aaJ y aIaaj J5f of Uaj 

jkJl JUP ^yu.kll £-JjJl y* IJaj (T) pjj ikiJl l^Jjj (N) j*ij ikiJl 
(ju jkJl J>-l JJ cJl5 Ji frJl of ^y^f * j* 1J^ . frUL 

. ^Jl 45 jJ-IJ lglA;.«<* > jJl 

:S;Upj^I _ te)U 

y*j (Genioglossus) i-JLJJl ixi-Ul aJLajJI iS y- vi^-Ul 

JUP 4a>-IjJ jf JLaJ Jp 4ywJj A4-y*‘ J*JUJ (jLJJl ^ ««.>- ^Jl JjuJl 

. 4 JUJI el* 4>wi JUl JSJJl (J iSjj (0 jkjl 



^UJI ^Ullj (5^—531) (i) Ji* ft—11 of . 4 JUDI taJjjl iJuaOl J?Lii 

(t) jl (p) 






* J i J 

iUJI jJl yio4$3l SUJI Jir, (jLJl Jp) ^fjl Ja^l - \ 

ir 4 Ur 4 f % * Jl o*-* dr 4 J-*f Jl J**t tlr 4 ^J - 14 yj 
Jl Ur* <yjJl J^ J«>- j*j Ut tcJ^ill 

4. Va5 > U JlC ^^fJl JaiMj . Ajlill ^jA c-ilf ^y* \ * * 

. jJUIj jiaJl JJP JjjJa Igd Jii ^Jl 

Jir (-) ( JaiJ Oj^ Ji*-fj J*f Jl jW' — V 

jLJt Jajtlj (kipip) S_Jj*saJ 1 apj^JlU jkJl jup jUUi i?LU 

(.) ®JJ-* J Jl 

. (kitip) jkil JIP jLiJl Jlc 

:oUi^}U ¥ 

ojj*<0 J oljjla» 0LJL1I jJ- <jjl*il (jJai-l of j*-**jJl J 
^£^*jJl Ja^^xll Jaii ofj t AAA ol jA aJI^z* A flijf a**1j oUto 

^Jl)I JoJI of lip . vlJUJlj ^lill ^loJl ^ju ^LJI Jlc ^iJl 
Jl*d JaiM lip (3 ^—j JLJI ^loJl U . jjS’LJU iJUl aS'^J- l Jlc (J^-Jl Jp 

J^aaJ ^\ Sjil J ^w-L>«j^|I JfLJl Jloj . ^jS’LJl Jp 4iL*Jl aSJM 
ijjUll J J>-Jb N aJU J JjVl fL*Jl Uf .vlJUlj jliJl <jy*L~Jl 

^L*Jl J^a aT jJl ojAl Ufj . (jJxJli frJlJl J-3 oLJJl aSJ>- JlCj^i 
lip . ^iS UjUpI J J^ojV iJjVl ol£)l JUd Jlillj JjVl 
, aJLawJI i^p ^^aif Jlc ^L*JI i*i of lip Jl ujL^aJ <l)f ^frij 

. il^poJl ^jp aJUajJI JlO Ojjll Ut 

Oj— saJI apj—« p«ll oL JLi A—Jdbja J| ^l^Ul JiUj Up 

^Ujl JUp L# aJL> liljitf jf I jaZ*~a \Sj£ oLiJI iiJlc (^) 

of jj * 4 ^jn^ tA t Jl ^jA I---^ U jji • a>j^31II aSJ^-I 

.AJl^' Jl JjVl aS>I J0 JV>VI ^ oUJI iiy Jjne Ja^^l J 5 UI 

t*r 




iS' j^\ jUUl n,iw> O^J Lo jJ J 

ia*M i^sit ^LJlj (jlalit JLIp jp^Jl ^j O tJL S l Jji$ 4^i ^JJl C*3jJl 

jUDl ^>■ iU^I of .(JjVl J) (p) 

*liJl ^Lc o-yjii! A^l^Vl 4 >i . z a 1 IaSj^- I 

*LJI u %(J ioi ol£ jJj .i-JlllI ^ja L-iJVl 

.ii^Jl iS>lj ttAJI iS>l U iJbJl tf>lj (p) i-^lt 


^Jai V Ja-M#jlil ^Ul jjt jf dlliS' vi^Ul ^Jbj 

J JJJJ^ ^ jJUl ^ of Jj oltllj JjVl ^>1 6u J-^aaJIj oLJUl 

jUi »jJt < ^f 4 j^la; 1^ OJUij . A-JliJl iSj^-\ JuiiJt SjlJLl^l aJj 

:JU1I 



(utu) jkJI JLP Jca^\j jUl otf^ J5L0I Jif 








(-) LU)I ttill UL Lia>- p-^Jl I JLa Jio 

Jir> .(.) Ji-Jl iiJJl d)^J liJUj (_) jLUl v-i> 

ilaiJl Ja^) ^yiiVl JaiU Jp jjLaII iki 

. (utu) J jo ik-jdl 4JI iUJL oLJJl 


oUa^*. * 

Ja>- (Jp (>-) ikiJl ^ fJ l-J oLJJl < *Sj>- — \ 
0 U 3 u U»U l t d>w* .> (jUJl 

iJjJjiJl ^JlCj t Y“ 0^* La 

jiLJI L-f . *ldl itUL OUUI U> 

jUUI OULa <S-j IS" lijf . fi'LJl) <u^>Ul 4 4. t/3 11^ 4JLLmJI 4w Ji 
. 43jk ^ *)! 4j A ^U a ^ i)j£j o LJJ l ^Uljl 0^ ^j w .aL > » 

. Ua^Ia jUl j U^kJl j^k liAj 

4Jaii 4 ju4j^a CJL l^f (jUJl kik| ^a ^jkjj . (JUJl 4jLlJl — Y 

«A 3 I Ofj C L£j-U Q« a 4I f+J t)LU cJi«A Ljif^ & 4 Y* 0^ 

^LjJjVI ofj 4 ^JJL a > 4 JL 3 j\ aLL ( j,la. , .j.l OULU ^LiJjt frjj -Up 
Ji ULa ofj «r-» -Up aJ ik£ Jpt ^.jS'JSU J UjJLu OlS' Oi 
UjkJ jUJl kiL| ^UjjI JUP ^f) SiUl ^A OUUI JUP 

^Ujl oJLaj JLjJs>- Of UUj ^1 ^JL>- Ji *)Uj Ikj^A 4 U ofj (OUUI 

J! 


^jkui m a)i 4Ia i^if iJj—>ui 4JUI3 uu11 4 -jUi — v 

o^I 1 ^) .f I ftjl^U»I of I JLa ^^a»a . 

4^5 Oi^JL^ (_^0Jl 0-3^Jl (3 ^/blk yby ^JjUJI 4jUJI 

^|>-ljlJl Lpjj iillA 0U ^ jp^\ ojUjj . 4iUl ^a OUUI U^k frliJl 

Y*0 





il Ji aUI jfj 4 *p-\j ^ U iJbJl 4 <i*/a)\j #-Ul jjlaJl j 

. iJlill S^aIL jLJl jlj .*~* *Nt ^ <JjVl <u-JJl 

1 I 4.i l ^ P t of ^>UI 

^Jl JLasJlI ftl^>-f (EMG) ^J-sAP UaJ vl^ili *Ul -1 *j 0>-l jj *Ul 

<j j^Jaj ^ (Orbicularis oris) SjjJCuJlI JJUaaJI JoLiJt ojlOi^i 

: JUi jUt ^J\ 



Jailj . CjyA\ ^jA j jXa ^jA *lj>-t 0^.^a.<„il ii jt- ^Jl aOL^SsJ! iiUaJl JJjC j}\ Jai^l 

. 4-jliJl *1^1 1 * 'j «all JOiri ^yt^Vl 


<«-*-*> 

it* *- JUp Jai-I ^UjjI ia^^l . (utu) 4J4Pj***iU jJaJl -Up S^JU-ll 4-La/Jl J*Lij Jlc 

OuSJJ-b L jkJl JUp JJ jAmfi 


^jiLCj o^A ^Jb JLd 4 JLa*J| J j£ 0? 

4. a j ft J 1 ofj (utu) (AP^aJ^kII 4 A U * ^ La 1 1 1 JCS' I oj I. JLT...*» 1 


Y*- 






ojl.A. ~ ..«l 4jf 1 g« « pJj frbjl bf , «bU 4-JUJI a - J»i\ Jix 4-JliJl 

• Js^l a11 (JWImAJ 

: frb^ll 4Pj-< _ Ulj 

. *bVl ^h£j j^jLp (jy Ajjb^a JbJl J^-iJl J 


>■*1 

api 

:^l JJ-I 


0 

^Uljl Jir 1*—ill ( f ) 


O C - l 

fc • 

.JUiliL jUJl 


« 0 9 

(rL^ p—Or 1 ) 


* C s S 


(r b) Y»- 

* «* 



® * 

La. j* ^vt jj.1 

- 


. V^' 0 * «-*N Cr* 

t * - 


(^jUJl uii iJjl** 

4 



0 

O c 

c ... c- * 

.^iUJl ^1 0 

((O') w- 

6 „ r , ; U « 

° t C i' * * 

9 f 

* C • * 

.g^Jl f *fll • 

^0 - 



T * - 




~ Y * * jA^9 Y * • 



(t’-^-') JO 

(api) 4j^*o)t 4*j«->t«.l.l ^^_jl jkJlj jkJl X* JvOlj jl—Ut X>\£y>- JOJI j£* 

*^1 jkJl ;*>Ll ji. .li^Jl JjStoJtj Cr JI jkJl i*>11 i jSIjJI Jlij 


j_£JUj s-li^ll APj— |Ju ii*^jjl JjLJI ^ (^jJUJl *ji-l Jic 

frliVl apj-. Ju ii%Jl J5LI Ji—Jl *jJrl Uf . jLJJl j-liJjl 


Y • V 






jL-Jl (Jp ,jj}\ -lasl-l uyj^r^ y Jj - tLLiJt ^lijjl 
Jp ^LaJI iJaiJj #< yjj| Ji*J JiJl J»Vl iai-l Ut .JUJJll, £lfc,Vl 

»A>^j ^LJl ^JiLC Jai^l Ijjk 

is jjuii <s^y^ i*xi isy 

.i) 4JUI 

:oUap-%> * 

0 ti *tabU Jloll (jLJl JasLt jf 

J j-Sl ji*Jl Oj&j *bH) JiJJ Jai-I ^ 



. £J-Jlj J^UJI f *3l JLP 5JUJ1 iLJiJl iUuJl otf> Jic JSLJl J0 Jl ^1 
<jiaJ jup jJJSj ^iUJl xj» iji xt... iI aL^aJI olS' j>- ^jlc ^LJl *jJ?ij 

(■pip) Vj-^' 


j/n-^ 13 1 klaJi cJUgj jj (_£.Ul kaM (\) 

, ) j^«-» SjJwtll *UdgJl JaiJl cJu^jji g~i <^jJt J a£-\ j*j (T) 








JUil j Jifj ^Ul J_* JsJLI ^1 

. (jciJiJl iS OLJJl a S iwL^ oJLaj . 5jb-}Ul5S’ j >JU 

uy ^LJl Of (juj juJl^-l ^ <jLJl c)f LjaJ Ja>-^j 

* - - . " - # «? 

° 0 >Aj . <J cSJ^\ ^*3 Ju 4»i^ad‘>wa e^A JiX A)f <»1«.«.> Lalj jrC? 

4iJal4 jjU£ ^^aiiJl Jj jLJJl jf l^V 4->f oli SiuLlJ 

.(Uil J ol5>l 

^^L^JI j^p SjjJc—il aJUaJIj 4.JJ jJl iJl_Ul aJL^jJI JaLU i< jy> OjllJj 

iJUJl J^J UUp JSLJl^ ^jUl *jJL| Jir m gjJ\J ^Ull 
ojjOi^JlI aJL^JI .jLJJl ^JLJJI 4»«3 U 11 

< y\jj^S\ jLJl Iji (jL-Jl Jp) ^Js jJl JaJ-l (JWJ . jci-iJl J^ ^1 

. ^jjl JJL», j 5 ^ybVl JaiM Lot 1 4lyT*ll A^Jj^ 0^3 ^J-a JlJLj j«-*JjJL> jlll 

. (kipip) 4jj-s<aJl ipj^JL <jkJl *Uf 1.1* J5 

iU oi ^*>L£Jl ip^yj jf Ji>-^L ^jJbJl 

(^Jailil Jail -1 ^jA J^*ii\ *jJJ {j* j-jiaj f^) ^jVi aSjJ- 1 j jLJJl ^UjjI 

A+3 uy.J *~rt l3 _/*Jl oU Ja~-jlll jS'LJl Jl£ ^Jl ©jll j*PjJL> Ajfj 

Jlc ^Ul ^ k tf . : . l t j^p JaiLt j*a U ( j~5Lp Jp Oilij . JJL5 JjVl i£ j£-\ 

. 4j3U31 apj-JI 

jLJl Jai-I jli J ^Jl S^OiJJaJUuJU 4^-JU Laf 

SjiLj jlLil^ 4-J^lj|Jl 4—PjyyJJ Jljj Jai-l J 4P jyy*» o^LjJ JlJJ 

ip j+* OjO i«.»■>- jAiJjVl ^JU j ^_3 *>Ll>-I illiA j\S jlj 4 jcujaJlj 


C^O-a Jp ^^jf jl^ ^j-Jl jf jf L^A 

. a-bVlj j j ji La lit j jLJJl 



: SJlfdl gSbJI * 

XS Vj Ja—jdl ^LJL JjJaJl -UP’ V| ^*-1 ( J>-!«iJ <X>*k£ V — \ 

^fy Cr* l*i*j . iJjVl (J| J-A) <_£>■ J>-IjJI 

. (joLiJlj jUDl 

iSj>Ji JUI JU\ jjU^.V ^JU J1 Vi {JJz* J^lJb- V _ Y 

• JjVl 

0^5*^A-t OjIS ^4 SjjU^dl ^JLidl J^l-ull >X» 1*j — Y 

bj& JLJl IJla jU h* JJli o j~*£j ^jf ij~5) f j* 


ol£ \ c $* ^“1 jill Jj>-IjcJ| <Jp Sjjl>«iil olj-^Vl £ji J>\ i3L* _ i 

. 4 J <O^Jlj p_U ifljLJl <by£y^-\ 

SUfliai oA>-j — \JAi 

^jUjl ^wjad <> 11 11JjoI j yJQ ^LJl of 1 JlA J5 

1/ 4 <i>-tA3lj iiLLJl iS'^A-l 0^ ^|ijC 4 jjJ ill oljLaJl j 

^ O^ilj A-JLp JjUI ^jaill ( jP aJL, ojCa A.tfla 1 oJo-j ^Iaj ^jlill jf 

iS^A-lj 


/\ *\^\ up ^ _ \SM 
* ja*}\ j 

A£*jm of A 4• 1 4*jLJU 1 Ay3JL) 1 41 y^*)l ^ ^jA 1l^j! 

JjVl iS^A-L JjJxJl JLp jLJJl ^LtJjl <oy l5l 5 ^>jif JL? 

.Jxpi jSUl 



JbJLj . \X& ( j-**L>«j'yi of lOAj 

ia^jdl ^LJl J| JjVl *5jX-\ \y L~J Ji J^UaiVl i1*-P oLi 

. ^yikJl J>-loJl ^jj IJLaj . oliJl SS^J-I Jl 


: ^LA' 

— Gay F 10, F 28, F 29, K 7, K 8, K 9, K 10, K 11, K 12, K 13. 

— Hirose, B 5, B 17, F 33, H 15, H 28,1 2, K 1, K 2, K 16, K 17, M 15, M 16, S 2, S3, 
S 4, S 6, S 9, U 4, U 5, W 3, W 8. 

— LENMAN, J.A.R. and AERITCHI: «Clinical Electromyography*, Pitman Medical 
England, 1977, pp. 1-51. 




•As** 

IjLUj aJL*P dJLi Vj j-j3 ^JbCU i?LiJ 

d)t-i dlta J LfiLi 4*jLj*5 0 ^aQ? ^W3J ^i*i j^L*j N ajl^Jj 

^I^JLp ^*-^-AI i-L-3^ . il A3^Ja»a J)I A*4**«t^il jLjVl L^>*^j ^xJ i 
A^-jj j^P I^JbKli UU^J Um3j ^\£jl i jUtf >jj 3jJL^ ^>*j ^^p otj-^Vl 
• IA^j j*ja\\ A*jIj^*a 31 i_3jL*li IjJLjC^Ij AjJL-*»^ I 

^/uS ^.Ap v_jL*mS 1 A^jlli! Ajllxil l^ 1 j^-1 AjL^ <Aajj 
qVI ^7 *Vl j*-Laj j^w A_ij_*il ^jj-3 JL->JLj>“ Lijj Oj. yaJl 

OjjLbi! J-o iS'jJi Jj»U- 4 ^jjl J-Aii dJUSj (Communication) 

# ** 

A y uX X A tfj>0 C*>lS Ji oJlA jf ^jA j^pjJLj . IS' J*A L ^j£-^Ia Ju«L*^J 

a*Hj c^ji jl 5 l^U t o jjLiillj ^JIS ^y&\ Jii ©j^>*L jj]azi\ L^iJ-A 
ibLJl ^jA olj^Vl J-Jl£ Sj»gp>4 oJlSj . ^*>bSJLj AjJbjjiJl ^Jl^i-I 

. l^v« O^Lc^Nlj Lk L»jC^ t Jp frbj^yoJl ^ j'S’ ^p 

<Jp JUi*j jLi? olj-^Vl jJLp <Jp dUS JS ( j-Sbul Jij 

. JJ^JIj 

A-^liaj ^*ASsJl ^boN Sfjf jXu ^ J^AaJ( IdA (Jj 

4jjJJl)I olj-^Vl Ayb^iJl ol a^Wj A. bL >i.« i dDi -X*j ^j^j*** 

•O^ a* 


YNt 




1 ^ ^-l_l (_)f ^p Lm^ 3J f l I *XA »Xi^ 

i*JL!l J-p ULjLU iLU 5JLL»f L®aJj . i>jjJUi iJj^aJI i^ljjJL Lj y 
^ jj>“ ^^aJI ^IIaJI j 4jjaU 1 u^>»Jl jjb^J jf Jy.t j>oj . o jaJI 
.^jJJDl vl^JI j jujlU I jut j * SaLc-^l 



Oby ojJp Ja-^j J JiUj jI^Ia'V 4>wiJ Oj-*aJl O-J -14 

ji^i^Nt ojAlia o-m-Jj . 1L a ^<» .«.»J ^JLJl jy n *~ ) t o^V 1 Jt J-s^j 

^^aJl oi>y l^P ^cIlJ ialp iJbj*i Sj^Ui Jj cOj^dJl Jp Sj-^li ©O-fc 

Zj?rj Jp oybUaJl oJlA JUjjOj . *LJ 

^£>- UU Jlaj OjU J5 0^ jjb (Inertia) JLI1 jj*&a) 1 ^*-«**j OjjIS 

ai5 ^J^ji La o>*jj ^>- 15 j>%^a JlL ii j>c*a £-*»>■ J5j t <SJ4 U o^-jj 

jj o^>-Vl i!l^-l Jj . j>-\ 4-«ljJa-^lj 4 J Ja-^jJl <aj\jl» Jl« OAJij 

l^lli IjJj il^>*lli p—J-i ^lijjt iajlLa Jp JbjJ SJbJLi iaO-s^Jl Oj^J 

. JjVl <S ol^t ^j—SsP LgJ>*l<a ©i^lw* Jj 443^^1 

fit — ^ I 

JJ JJjl L^3 Lalok^l 4 j ^Jlk^lj ^>-1 Lo lij <SJ>“t <J 

<C5La olfl J 4>-lJl ^Jai J^a IS j>-J . I05sAj 4*1^1 jj-^P 

^>- Ojl jaZ**> IJ 4j>-I jJI 4 la 4'. > oj J j^aj (JjVt ^lola.,^^fl 4^LJl 4 . ^ »O k «J I 

iLal5 i»Jbi Jii oLJUaJI oJla 40 -ljJl ilai JJ :yui jUt J-L ^JlL l*oj 
jJ«JL^Vt pJ L$Jj Oj*Jt ^ 4iL-^ ^^aif JJ i^ljJi Ajail J-a i5^U) 

OJUS JJLC ^SsjCj (4?-1jjl 4iaD jy*- ftJjjJl oU^l J iiL-^a 

: jut J5LD1 J 






i^-lj^fLi 1 _ a oL^I J ^^aif J,l <kil y aSjJ-I 

(^ f ) Jl*Jl jA oOjNl jlJLia JjLJI <jj . (Displacement) 

£l~Jl ^ 4 — jj uy L#t . (^f )jf 

a 1«IS0I iJuaJl 4jjjc —j ^JJl j^jJIj .(Amplitude) ajJJJJI 

1^-3 JuJL>wo JjjbJJI <, a yj (Period) <LJbJJl oj^jL 

. ojiillj 

*.o\^\ l**±\ Q 

oU2| <j JjVl j»—j^-l" >o i)j>*lil |» ^Jlla^j UjJP 
blJtf ^jJa-sA) JjVl <J jlill i-l <£j£- ( ^Ss' 

^XJ tJlAj . IJ^Jbj J>-L ^aksA. L ^>- li-fc 

Irfej^J ^uir—<J fL~*>-Vl <jf l^jf 

j^-\ ttX&J . oL^^I ^4 ^j>A-*J A ^ 9 V1 -tf^1 0^ 

. (Wave) i>^iL Lfc 4 »**J ^Jl I J^jbj ^1 jJJ blJliU ^jliU JjVl y 

AJai Ijjk*^ 4 L^- ^jJa^jj ((^)) AkiJl JjVl UjlPj 

<>•y fi-Jb ^£aj IJufib jl$ (jlill aJU Zy <^\jJl 

JjVl ^JAJJ . <JjVl cJLo \^ aJ jjlsf J>-^/ y 

. fiJj Jj>- ^jJb>- 0 j j 5 ^ L^* A^jAp^j 4ju\jj a1)U ly ^1 

y~^ aJIjJJ oU^jil *jj*j . <Sy- AiOaJl illL$.:..,J y- IjUb yl~Jj 

^jJl oIj Jj JJl l a * *>jZj» j-bj £L»jNl [ yj yXi i>-jil i <3 .aj^j t oU-jll jlk^ 

.(Frequency) s*j}\ ^-oj oliJl J oLJbJJl *1* 

IJlAj . o./?" oljJbJJl jf j^Jb Of ^A-Joj 

j-^al4j N Oj^dJl AjUp 0?^^ . bjlS N A>-jil ^LJl O^i 

^Jp Oji JaJLj ^jP LpSsJj oJL?-lj i>wj v-^JbJbJl viblJL>-l 

^J>-J IjUb ^JCOJ . LfcliL jJl i#jli<JJ *cSy- JLiij U y*yu La Zjjd 

SjjaJl jlJL-ia jjtj (Pressure) kiwaJl iJj-^aJl oU-j^JJ iiJU 

. La s^li! yS+~J djxll fiJuAj A^o J>c] ^ ~>J^\ ^Jp aJoJLJlI 

*. aS\1^\ ^ j y Q 

^Jp AiUail JaJLj , AjJuJJl OjjJ b>- v—^Jl Sjill 5iUaJl 





La ^Jl J* ^ Spill oLjJj>-Ij 

b^ 4 iSllaJi jJ oLijJ^ ilLfcj . olojjbl oJUb iiUaJi oli 

. 4^oJaIlil I idjjiaJlj 4olil iijiaJl 

l ab - " oL>^A-l ^Sj jl IS| ^LaU 

^/SVl SjJJl i„«llaT> C- ^ ^Jp jf Spill 5iUaJl L$ J Lp 

. yw?Vljf ^Vl ojJJl 4 : Ua^ br jS\ iiUaJl ^jA \jJi ^^> 0 * j^SVl jf 
< jP 0 »LJI Oj-saJI oj . oijJJl 4jUaJl ^ La 

J^l3t (jljjt<—iob- 4 jliUj (White noise) ^pOoVl 0 *>wsl!Ij ^IjJLaJl 

tjv—Jl JT*^ 4 jjjdJl Olj-s^Vi (Jj . oJjlilf lIJL^J iilSL>-l C> y+p j\ 
(Random ^jp ^Ul ^jAjVI ^>«-saU SlL* ^^LA-Ij 

l^U <j oljJJl JL>w UjLp jjSLi iilkU ^LrAl Uf .distribution) 

^ 43LLJI ^4 4j 9bc^ ^»pIa 4 Sw»llaz> L^*Li ^LJL>j , 

• jf 4j^>fclA-l oU-jil »«,) La pJalllt ^jp 

>\ APr^Vs AkyJ\ APr^\ Q 

Jj^!l i»JujJl oli iobJl ^ bJup £ * * Iac^>- illJj aSj-J^ LS^]a Ip| 

. iSyjI <C3^Ja ^jI ejiJL) Uc (jy*-* ^LJl ob o iSj-iJt 1 ^Jl 
U jJm\ |^S 4 jV 4 ( 3 Sy colJ Coll a^»LJ 1 j cbj^bJl pJp Uf 

J obJuJiil pJp 015 jJj .oU jy f l^lSbij iSjJJl SpL U. : JaJ ^cU- 

oDl ^ t * • / > ojJbi Uaj J fC~Z Sj^-I jJl JjJjjJl jli i • * jA oD! 
ojjLkIi *ij^i oijp of kt-Jb N iSjjJi ^jp i^ui (JjVi iJjJJij 

fi 

0 ^Jl 44J>-^Lil 0 LJLJJI ^jA 4 JLJL 4 oJlAj 4 0 ^>sJL £j U PjJKs# li 

. iJ y+0 i>- jA 

j ( 3 -j^^ ijjjjjJ ijUwa obJu jji oJU cols’ of j^j 

JS (_jLlajl <JUo>«j iliLc« ObJb^ 0jSc^ IfiU 4 Lj^»j j LjpLcI 


. iaii 4-i|j ( ^) 



OljJbjdl 0 j-A ^Jl ^Lc iS 

i>-j_ll »Ia Ji* J&J .(Sine wave) 4~>- **rj* jf i^wJL. <>-y> L ^—J 
oLOjOJI ^Ljl ^_£jLo Of Jb..-»0-..l I y* 4>f ojjc AjuUaJl <J 0~L£ V 
of v l J: V JjVl iJbJJl ^-■■;■«*»'> iiUaJl OV dDij . UaiJx* LjL^J <i>»^dl 
^Jl iilLJl 4.111 ^zo? \^ t 10 <ubOUl oLJbJDl ^LzJ| j 0JUL$o*Jj 4 
^>- IrLr* 3 *—i*- >jVl ^ 1501 

c oiill j iJb* t * * ^tUJ Jllil lOp j iSjjJl of bla>-V b| . ^JUJJ 
d\Mi of U ^waj^ JJLiJlj Jljill bJLP ^Jl J ^O-J Jli l^fj 

jOu of ^kz-J IJl^j 14ip jjUxill ^j5sjC itL—Jl O^SO ji AiUaJl 

aS^JOI ^jo Ofj t 4^00* 4>-^ll ©Op _ Am^L^J| ^ -— aJLojOI ^JiJl 4^J^J 

. 4 ^JL ^> 45^%-* ^bJL 

4 y*j£+~j* jf o^LI I oil 0j-& V jl5 a_jUjJI oLSjJJt 

^JJlj . 10^- 4oJL* ^ jW <0^ c 

I j~S LfeJLj ^Jl i>JbJJlj ijJbJJl ^L-Jl o^ OjL-iJl Of <JbU ®0 p 

i£j^ J00 <Jp iJbi JUaJl J&S ^ UL^j . 4^P ^$bc ^ 0 ~>*j 

* $ * 

4Pj-n-J Ijisu 4l»t<w«A© A^jA ^wj 4^-jll oOp • blj liLkjl 

^JbJl Oj—^ a)I \*a\\ j^m ^1 {£*ji b? tobJjJUL! 4~^Jj4iUaJl 

bJip 33^ 1 4 $j>j ^jVl Jl jJj-Ujl^Jl l£ aUJI JUp si>Ji4 iS'j-lJl 

(Harmony and discord) Q 

ioliJl j 4 j0j^ T # J cuJLm > Oy^bj ^jcS^Lj Ujjf l^| 

ioJo 0-3jJI { j~a> (J L^bi^j t iJbJl j 4 j oi ^ ^¥^3 

J b^lJL>0 JL^>- ^jeSy£> \'}\ uf V oJL?-l j 

^jpaJSj j QjCLaIi^ Qc O o ^>Qi iJli-l ©Op J LjU 4obJ 1 j 4 j0j 3 t * 

^jf of liOl0^ of OjOJI I Op j u « i> .. J lj . 03^11 

. \ n - \ * t ^ 4 <uJJi ^) 


Y > A 



^jt)l ^jJl 3 Y • * ^jJI SSjJLil ob*Xo {jA 4j*LS 

iuUlj aajIjJI iiJjJUl of ^f i Ablill iSjJiJl obJio ^jA 5j^ 4 ij*Swj 

ilKjJl j *bjbJI 4j JuJJ1 £u» f4-jliJl SjJt *JI o^b-Lo ^jA 

Ijjb J Iaj . JjiljJl ( ^*a jJb iJLfcj . IJL^Aj (jjVl obJbi {jA i^jljJij 

4,. i«*. lb frjJl 3 3^ bP L>V ^ tjfSjJil} 4.. . ol b bO-X^- V 

. \ C fj» J50 jjjVlijijiJJ 

i p^ja i^b «jL>-ij i<jo JjVi ;JbU 3 *-’» ^Jili oli oi^j 

MjIj Y % • L^lJb-1 nj <jc]x~~j Jc^ry ja 4j j£La (Complex wave) ISy 
^y JS IS Jil hrj 11 oJla Jj . iJlili j i> jbi V • iJlill 

^ • 4,>-jll 4Pj-*ii J^jj Y * * 4>*jll AS'j^ l^ ZS 'li 

3 <SJ lc^ 4 j0j-XU Jl (j^J^Jlj Jjb*Jl ( jMjii\ 3 

.(Y-U JO) .JbJl JS^lJl 

U £jjj ,J! JijJ JlS ik^Jl oU-jil ^OP <bbj of ( ?w?ljJl JA 

oJlA ^JLp OjJj Jij . 4.<».Ji.T...-4 lbjJa>- 0 j£j of ^j. l$~Jb>-j l^JLplij 

. 4 AUjA <S jil 4j>-^ll ^w2j of 4>-jJ J] Ol>*jil 


(Y-\-Y) JSLi 
jLiilju jU*-^ 

**jj Y • * 

■'* tSr *-^ 1 

X$^J~- ' 

. Y * * 

- x 

. V • 

4 - 5 ^il i»JLjJLJI __ f 
. br* XpUI 





( r-UY) JSLi 


j (^- \ - 1 ) ^ i>-jiij 

jp jjj . l$J| oU-jil ja-J ^Op iiLpL .aJLp JjLJI 

^Jpf 4^45! 4 L®lx £j£ll JpjJaJ-l < 0 **>wpf <l)f iiLpV' 

4 ( Ji- ta -tj <Jpf <J 4 >yC« J^Jai-l CJlS of - 1 *j c/® ^j^fjj t J^'fj 

. I AjjLSL# ^0 ^ ci *lJLy 

\l\\x.n\\ 0^\ Q 

viltaj 4 Q^\* la" ***4 ^Jp <£^il A^^lt bj& of ^jA 

A^Jai J^Uii oUai-l Oj&j 4 lgJ*jJa>- ^ Ji l >.* J j£a ^Jp 

. fj J^^Ull oUaiLlj 4 I^JLpUj 






1^* jpj ^Jl 4^43tjJl oU-jil tju SiliaJl gjy Jji>- I-XAj 

. (1 - \ - T) SiL-JI 4 L iaT.>.11 4^-jll 4 s >- j*a 


W*M 

i-iil<3*^1 

VM 

4*45l^zJl 4>*^il 

, W 

0 j-i-C' <-ol_ll 

>,••• 



6jL* <Ajl_)l 


A-jiiii 

,x*n 

e \jL* 

,avt 

iiJUJl 

,-»r 


,vv* 

<*jl j\\ 

t • • • 


,-uv 

UM 

, • 1A 

jjj.iwiij i^iA-i 

,«vr 

S~oUi 

,’A1 


,rvt 

iiyUl 

,nt 

iJliJl 

, YY'A 

41-Hll 

, \ YA 

jji*j|^Ji 

,\\\ 

4*-*Ul 

, > Y^ 

Oj j-lxJlj 

. , ... 

5tj-iUJl 

, X\A 

Oj jJjJIj <*ol_!! 


<oU-l 

,*W 

AjuLJI 

, 

S^lP 4^1 

, *1A 

j j jJL«J \j 

, Y* Y 

5^1p AiiliJl 

.•rt 

0 j jJLaJIj 4Ate-L]l 

> YY» 

0 ^-ijp <*jljjl 

»• • • 

gl. .djW*\ 

,YH 

SjmJP 1 


• (Ji^d (Jj-Ui tJUb 

( j£c iJLk-II i>-jll 0j£> oU-jil ijS 

. V-SLji'V Uj-Xp jL~pI 

, * 

lib ol>^ll oib (i jvj SSLkJl O' ! lj»U 
viJUL^J JjVl S^lyJl brj II ^ UU\ ijJl J ^L-Vl S^i - ^ 

. SiliaJl jlJia jS\ 

4 aJcJ 4— ^jJL* 4JL2JI j olili ^»cl«J IA Si III I oL>-jil — T 


YYY 





i-oUl ^>- iJliJl ^jf A-JbJl ol>-jil 5Slt Ji> V — F 

^jj Jp L~j I jjib li O' Ijla 5iUp <. &*/3 > 

. oj-*aJl 

oL>-^11 ofj ^ jJ L iJ I j 5jJil*Jl oU-jil iilU of — i 

jJL>Oj Jpf J[ Ji-^f (j^* ^TJ-^ ol>-jil o-La J^J ^jLJl jJLaJI 
\ Y j ^ Y J* LpLJI Jif ^ ^ 4>*jil t>^U3 t J[ J-^aJ aJU 
Jif ^Oj IpLwJI iJliil SjJljJI ol>y j^sl N t \F ^ Jif 
IfJjj iiJliJl SjJLaJI Jif Y^ j t ji-^aJ J,| J-^aJ Y * IoSLaj 
ol>-^ll jJL>Oj LaJL*jj 4Pj*«->JlI o-La ^Jp? Yo Uf Yt tYT t YY 

. ItaX^A^ jA*0 i C^ ~ 

l^v° ^JS" jj5o LajL^pIi oJla ^1 Liijlii ^Ls IJl^j 

oi vlJ; V ^Jl JjVl 4P^>«lliJ ^a LoJo LJb^-jJ ^ * 

<. ^laiijJt oL>-ijJl ^£JL>-I ^fb 4^-dJl oLi oUj^>JlI <uij Lof . JJ jOj>oJ 
.2Jli!l syL*Jl J Ylj iJUJl sy^l j \t 

£-jJLo oU-^il o-La ^ Lajp- llA Lj-U 0^ J jil( Jpj 

. IgpL-Jl 

2uJci\ o 

(Glottal tone) 

. 4-Lla “a ^jp oj^Ua 4.o J l> ^jp ojLp <Uj^O^I 4*oJcJl 

JjLjJl Aj oLOcJl jAJl (i_ Y_ Y) 

^SLJl a>-jaj iolJJl i>-^ll «-La (_j ji illiA jj-Jj .^>1 f.y*“ * * J j ■ ^' 

J5 1 L(i» jjScJ ^1 oL>-jll i-U- J (JLJLij i>-j-Jl (j ^L*Jl 

jLp 5^>iii-l iSjil i>- jaU (o _ ^ _ Y) JSLiJl (jj . ka'j>- 

. ^LJI r ^S3l 


YYY 




(o_ \_T) JSLi 


(J iju O-jjJl j i]Lft U 4jt ^n.-lall 

|j> j jl aj j ^l«Jl J5wJl j jf (tcY’-^Y) 

.(UN-Y) (O-UY) £>*** 

A-iiVl CjU-^cJ ^ £• (t - \ _ Y) (J-a! j^> (0_ > _ Y) 

. Ji-Jl 






jA~* j^k-Iil JA Ajlil JA tj* Y ^ 


O-'-Y) 

j of jll^ll ^"ilj f *£)l j ) J»a;.,.; ij y^>~ 

j* j*> (« - ^ . Y) JSLi j o-jll ^ ^ (1 - > - T) JS-i 


^>■^11 0 j£>J jJjJl Ajisl^ll! Ol>-^il (ju iiUaJl J yi Cf^i (JjJ^-lJ 

• 0- UY) i(0- UY) ujKUl (j^l 


YYT 















Ifilt 

l^LJl 


i-SiljJl 4>-^Ll 


^ , \ • * * 

\** 

(JjVl) ^L-Vl Ui 

.W 

,^vr 

0 • • 

4-Ou 

,AV1 

,\r* 

> • • • 

0 ijOl*Jl ^L-Vl iOu 

,vrv 

,A0A 

\o* • 

lJ*mS> ^ <**J 

,«vr 

,VoV 

Y*** 

Oj jOjJI <Oo 


,vu 

YY * • 

Oj j -•Hj a^jUJI ^L-^l <wu 

, t •• 

,*\H 

Yo* * 

Oj jJLaJIj <Ou 

, Yoo 

,0*0 

r* * • 

0 <o*j 

,'r« 

,H A 

ro* * 

0iwtljLl ^L-Vl <Oo 

, • 00 

,rrt 

t * • • 

(jjJ*JjVl oJu 

.•It 

,^r 

to** 

0<—!MiU^I jj^L^Vl iOu 

. • • • 

>' M 

0 * * * 

io*j 

1 • * A 

) *A^ 

0 \ * * 

0^.—^.4-lj <-Ou 

J-*j •yup 

aikJi Ji J-a 

uf 

JjjO.' 1-U J1 


0* ^jA La JL>*j (j£^>-f OjLju^ 02314 ^*-yA 0 * 


. JjLJI JjO^I j-4 \£ \ • 

J *3 *ljLI jjU£ of •!*{ vi^JL^ U jj^oj (JjjJ^i Ija 

. (jJalll *U<apf OA-j ojjjA JJjP o-bJLP o!of 

(Resonance) \ <jG ^\ Q 

j f M j T m j ^ % * ^IjJl cJ^ L^l^-j3 ilLJj olSjO* Ljf lij 

k>-y* LjO |^3 o j^j obljJ oi>L a Li Jk>j oLJl 

of ji jJj . jJL^a ^ \j£\j \jyP CJlS* jJ \£ lg-*-4k~J . kSjA 

^JJl o^il ci Lf Oj^ LaLju^jj Y * • L$i>-j^ 4 aj1j iSjJL> Ljj( 

<jby* J\ a La of Js^-^Lw/ bJU Oo^AjJI ojIS^JL)! 4^3 jl >-y 

* 

4 ^-jj c^/i t * * 4 joI jJl iSjJLlI 4 ^-j 3 of jJ 

. ^jJ iS'jJJl eL a 0 L 3 t o^LS^JLJI o^L>-j3 Ltj 'b/ 

YU 







ygj J3 Y * * <^1 i*jljJl a 5jf 5yfcUaJt o Jj* jwfljj 

jp^Ul^jii^U^^.yiAjO JiL^fj y^Vl cAS'jJLJl oLJjJLII 

OjJtj t * * i>*ji! i>-jjJl j LftjJibJ ^11 aSjJLJI 

tSj^iLo jiVl Jj LU>j Ji V** * <>-jllj * o-jil of IJla 

SSjJLJL I LfrsAWJ jAJ OjJuba oi^l l Ci$ Y * * i>-jll laf 

j T * 1 0>-j^ Ij y +0 Co>Cjfj C-J-bJUi <U3 balSbl iiliaJl i*jljJl 

■ ifilfcN 

Jjo L fr -Jj oj-iLa LfcLiijf ^ C^>bJl olSjJJl biji? jJ bjf ia>-!)L^j 

Laf . O^saII Jb*»j^ < jp ^tllbj . i>Jb jJl JjP C-dijo Lj3^U 

*■ Al^Jj Y • • 4Z>-j^ [Jj^p Jbli JLaj tfili (Jbj^ ^ (jbl AajI^JI 

UlcSb^f ^Jlj Y** L^i^p <jJl aS'jJJI jp ^JtJl <Jo*Vl Oj-^aJl 

. Lr ^. U L 

iiiyi Ji jl ^1 SSjjJl jf l^jf obU ol^f b*j 

I . oOj Jj>- objlO ^lo j J L^" JLaj LglLaoCCtfl t La ol^b>4 

. <u!l lij-if ^JJl friaJl 

iSjjJl ^ oj^L^aJl iiUaJl ^yiAj oJt>-f JS iSjjJl oJt* oli uf 
1^>P ^jg ^bJ I L^JUca dj CJtA^f La ^ ^ Y • • 

. Oj-^aJl ijUlL Oj-^aJl ljLw^ j~**t Ibj&j . oL-Lo o jj+0 

(j^J ■ bbjJl ^-b L JlA-l ©i»A (J ^ (jjJaJ jl ^Jl tejljJl iSjJLJlj 

<jJ Oybb ^ 5 jp^Jl ^jp j v—iii^- i«jljJl iS^^-lJ) c-jIS* jJ 

(Reinforcement) Q 

iSjjJl jf jJjJb jj jjj 1^—^- Oj^aJl jJLoXa jlS bLbJi iitaVl j 
^a ill 4jf j\ i>-L>-jJl5 U^f 1^—>" jJU<ail bj^i bf ^j-a ^SsJj . iilijJl 

• v — ^ Oj^aJl ^ba 4^-l^-^Jl , << ^aJI 


YYO 



c l$£*P *lLl £4 APjli A>-b-^ Ljf of ^3 jJj 

L^-n>«j Uail>-t jJ bf .jj03 Lj^i 

<*—j^b>"lj 4I^j3 ua!^ ^^»Q«.«.-3 IboiJO A C*. * 4 j 9 l^XA j£ ^P ^juaJL.1 1 

0j^ A>-b-jJl <J ^tiJl aIU- <j L)f j^UaJl eJlA j^Juj . A^b-jJl ^.>• 

^Zj bujjJ JillaJl AUj C^Pj^J Ob-jll ( j«a IbOP L>uJl 03 3J^“J 

<j <i>0£ of j-4 c-iLwif ^aj :>j 3 >-jJI cii *—■£?*? < ~* P ry* of -cp 
^J,| Ooo^ 0J23 AjjliJi i!U-l bf . c^^saJL) (j£*L!l 1 UlA 

. by j ii>5 ^j-*P 03 4^-l>-^]l ^ .■■, > - of ^a ^La j^f ULa <w-ul>- 

l^f ^jj AibJl by'jJl aJ L wJ aULII ^li iljbr U-a I aJL^p C**»Jjj 

. lycil o jaJ ^^>*f aJl^p I^Jlp Jb Jj 

4^Ul 4uUJC»^aJl ^j-4 Ojll>-l 03 C)f dlb jtu-jSjj 

^>• 4^1^-jJl ^ .,- > ■ ^ oJLa LOjb* ^cll yt* 

oJjJj>- 6j 3 ^IjJjVlj ^loJa-^^l yA C r -CS'ij OJJjli I^jIJjhj QU*oL y? I 

.^jVi jp i^uji xp iiytjjisai a/ jji bJU 

O^j b-^ c>- ^J>-b OjJjJUi 1 ob-jli CblS* llj 

O^il oOA (j • 4^-t>-jJl | » « **» > “ A>-j3 ^^A l 4*SjA SO^Ij yA 

<Z^y*/2 .\I Lit A >Cy w J l C^L>^r4 ^4 aJ^^i l^-V Aj^ 3 4^jll 

. AjjiJl <uL*ju aJL^aJI oJlA «^_5 jaJj . Lji 

# 

<wU^ JUj ^^^f ^A^P ^jf cNj ^g A^ P ^>A aJU^J 

oJUJL>- c^3 l^US'lj <U L^atjdx^l iU^Jl 43jjiJl jt—^T“ jit jLiOJI ^A 

. Lpp ^Ul Ojp^Jl jJLp ^bJLj L^pLmJI oLj ^LiU.^^i IJla ^ 


(Filtering) 


: Q 


(wJUp 1 A^j I I aS ^mJ I ^j .« .i^^ b A Aj b^iT 03 L-j f Jp b [ 

o bJLi i cii _ oIjj ^Ui Jliil j 

Y * * j \ % * y* a- 5jil A>-jil ^jA jf 03 4i^JaJl oJl^ 


YYA 




, ^it jii> jujc^vi lifc <> (_$-iJi 

o^aJI Jij (1 'il O^J 4 a JL p 1 ^ *«n tf > 0^| 1 A * .1^ P 

* f * * * ^ 

L^ij jl l>wijJ o^^j AJli Ji lij l*f t l>wijJ ^ OyjJl ^JLJl 

. J^*Vl Oj-^JI <ui c^JLJl JaggJil ^>T ia*£ J[ SfjJil* 

cLltaj \^\>-yA **S jit i>-jil Lu^jC ^-ijJi a]o^*\jjj 

. L^J^iaj jf 0j^ Oj*^ail Jjjji? j olSjJiJljf C->l>*-ijll 0* ^0^- 
** ** # , 

<Jl*f jjp to^Aj £4 i>-jil l^v» of o>o—**j 

. Oj-msJI 


(Complex filtering) •-*>' a 

A^ull 5SjJiJl jfj 4 aU....i A^JuJt aSjJLJI of lijS^S of 

<-*£j3 <?ry> ai^. a * a5jJo Ljf of ^ji jJj . A-Sy> a^-j- 4 
<J UbLjwijj o • • j i * * j ?• • j Y ♦ ♦ j t 1 » ih~-j cA >-ja 

J^ju of j£s i-5jil iSjli\ of Uo>-jJ >•• i]a~~j ioAj Jjji* 

# 

Ijili Y'* • <4jcJt a>-j 3 cOlS *ji ^ JLU dJJASj .a^JcJI o 3A Uuiy 
^Jt A^aII aSjJJI ^4—oj j«5 ^ULj |»IA Ajlpxl^^lt 

oj5oJ ^Ji oU-jaJl ^jJL>- (J ^J^aj 4-^5jil ^-Ajlt ( J**aJ 

. L^J>vZ1j ^Jl A^Sjli A^aJI Lj-w4 

jJ& — S/jf 

<XS* N ^Jl olj-s^Vl 4 jj>oA-1 jS* 0-^1 y+p VI 

s! " 

IjU O’* *^jAl Q-Uao olj-^Vl oJub . Oj^jJl jl^jVl 

c-illitjC 5 aJj^ 1? JJijj . ^JL»JJL SOj^^aJt jt^jVt j ji^i t)f 0j$ 

. o^xiA-t jJLaJ ^Ji ^UopVi ^f LJLaJI iJj^Jl a!^lpVI 

YYV 



Ls o31 Jfr frL^V 1 oOj& J L^t L)f <JU>JL^ Jjj 

4^<wwJ ^j^QJ 1 VmUuS' JU>- Ofcj< xJ 1 O^^J^ • o*Oa«—a 

4JL^3^ _jf 4 Li < ^"W’J 3*^’ 3 1 J Up _jf 4^-1^j 0*1 JL * ^13 JUP 

. OJljjf oJL* jfl oy l5j^^ 

cI^L>-^rA *^^-jJ 4>%^Zj ^U-*l y +0 V I 0 J-A Jj jJ^>- of 3 f^y* 4,^j ^—3^ 
i>-^ll **^J of *j* fj* jLS^f Ij^S* of 3r^ Jij . c*. < ajc^j ^jycA **jJ ol* 

. jJUoil iJlA 3^J Oj-^Jl jJUtfU Lp*« 0*11! 4*»»1? Jp JUU*J 

, oLjJbJlJl <L)Jl£ jJl idlkll jIJLLa ^Jp -UjC 3 i*-Jl Lot 

j-i«j -Up 4j^]I ^a ^jLM 3^il tf- jjC ^Jl oIpI jii\ ujJIS^ lij 

sS 

0 Ljj-s<aJl c-l.^aP V 1 1^*JUj ^Jl ol>-jil 0^3 IJL>- <U^jca iJj^ j*L^-a 
^/J J5 c5jL-jJU L^Uj iiUaJl £\)j£ il0>» o^Jt£ oL>-j^ LajjJj 

. £+— j *>\i iiUaJl ^a Jju3 jOi 

J-4Aj jf iJj^aJl aLopVI J^JUj *l^il olyr j4AJ ^>«/3 > La JUP J 
LfJp (jlla> ^Jl Otj-v^Vl jA jbxiiVl jf iJl£u>-Vl jj^a £jJ 0^0-4 

, 4jja)I ^5 ^^*33 l^ I "*'* 11 " ^ 3 ^LiJ 3 jL^JLS" <~*j 4 i ool^v^Vl 

i i>_uu 

jUjVl 5 jJLo J ^I ijajoJ-l j^p jp olj-^Vl obf 3s*t ^ 

JUp Jry: L^1 a 4 ^ 31 ^jOL* Cools' 1*1 jLjVl oJLa iiJb* <Lj'X£‘j Ljj^aJl 
oJUb <j\j ^a jjC oLJuJJl eJlA 3^^ c$0Ji *l^Al Nj . Lj- tf-l^il JJ jA 
^jill J-oPjf OyjJl Hj& J^oP 3 ^-*j j3 0*L^aj 

. AjjiJl 3 I 3^>p jJ^p 4«L-j-3- i JUp j*s> (j;JU I 

^>* JU Vj .Oj-s<aJl 3^^ tpP LoJ^ jj-^Vl oO-A 

3^** * ! 1 o^^^ Ji3j , (Reception) c-* n^«/3.1 1 3 La» m) 1 ^^p of ft 0Q) 1 

^ # . 
d)t Jb V (Jl..a7..« > yi LJL«jJ 0j£-> -iij Ul 


YYA 



otj IS' J! dpdl j^Jrl olji ^ Jfcs 

. oiVl Jl ia^jjl IJu> JiUJ 

JaJb 4 : « .. ; .U ojAli? :wLa> o_^»V iJLJ^I jibU a 5j^Lt JJiiU Ujipj 

JbM 0^ liy ilL* jli lij . Uif ol_Jl ©y*ll* ^JL^aj Jj 

j^Vlj t (Perception) (Reception) 

> of Lblpj . 1 ^.‘;.^j j (ol>^ll) i!L*jJt <uJLOj jLJbll ^ >.^*11 

O^^j . Lfc^jUaj 1^- (J^yoJ LaLj^J l aOIjJjaJI CjIa-,^11 O^HJL© 

! lO^A 4^\j$\ 4_*J jf L^JjUj Lp^e injjl oLaj^A© ot*J ^UL LjjJ 


J\^\ IfLUu 

a«jL j^sJl oU^di t 


v^l J oLJbjJl JOP = ( f ) 

^Lw-'SIl, ,^^-JI = >Jl 

ijJuJJll -bo = A-(k-->) 

Jai-NflJli ll ^1_ ^j\ ~ eJLiJl 

\ j oUaJl jIJa* = JaiwaJl ( ^) 

c*» L-^ c J ^ '->“ = °> a!i tj 1 

<S+\ a>-jaU J^jl JSL^I (:>) 


j jA *V ci Jb/lj JjliLa (3 jLipIj 

cij • *'*■:*•! 

oLjJl (J^l*J ^^iJl olj l) obll>* U iiu 
. oLobjJl JjIxJ b/ Ji aJU- (J 

* o\^*pbl\ Q 

Ul Sll«d«..**! <Zj y^Pu>\ (Jl.A»,t m I of \c*f> C^jfj 
a JL »j J I bl 0i~*- ^»f JLa:.^I ^Lij . Oj-^JJ (jLObM 

4jU^aJ Oj-s^Jl <Jp dj&y ^Lw Jupj . 4 J ii'tjibfl 

^JUj oliUflJl oJlA 4*^x1' olpUaJ^lj y tb ^*5^-1 0 [ Jj tiolil 
jIScjI ^jj^aJl olS' JLii Ul* J*-f . Lj5ij^l J* OiVl SjOi 
<j oLJbJlJl ^Jby j ^lij . iObjjiJt 

YY^ 






t (Pitch meter) 1 IgJi o-jjJl t»f liJlill 

. d jJlPJ i ** Jj . /» 11 ^ I i «* jJ 1 4 la « *< ^ 1' ^4 

yf y>) J^ 1 

jla .».<a c3j^ l ^ j Jaj ^y »^JLL L 1 ». U .LLL -»—J I 

. 4jl^>»fj ^JlIIIi 4 j***jliLa L^« \^> j ^* j \ jL^>- idld Jp Lg-^jpjt 
of Jj jJUJi j ittlc e^Lj ^L-jVl <j oljJl N J-3 ^ ll(^Sj 

. i>^ll :ojJ Jp JU^u dAJS 

. AjJbJJl 4Jal — »ii aJLSCSI ejiJl jlJLL* la*a4)^ 

^uU oJLi A.*. *■■».««»!I <^>-Ul JaiwaJl J^I*jj 

^jJL La Jl*j iJLill iiLkll ik-Jjj jiVl (Jp ^ilj laJw? JP 

<^P i^l) iJdjl iSllaJl Oj£j aJLp J j . ijJbJJl aJLp sdlJb-V 

# # 

^J.1 iJLo j*j tLjIjJbi IjJL£j oI jta ^Jp (jCi^Jl JaJwa 

4*0 y*&^ i jUjVi of ^,*-,«la 1 * Cf*J ia^Jlj 

jf ^yuJaJl J^a 4 4dljil OljJUl dJj j olkJl fi-L^pVlj tl^Al 

iSllaJl j^a jlJiil (JUh . iiUaJl j* jlJli* dUi J5 __^ 

. Oj^iJl oJtdj 4.ltJ> 1 ^la»wJ 1 l***j ^Ji 43 U 3 JI Lad! JL>-jj <JdJl 

4jL^l4^Jl ( jp ojLp ^Jddj , C0^»/3)l Jjlij 

4^j^a 4jp I \ ^ */2 n 1 4*Jl3 i^.zj I VI <^>-^a jj tlJ 

l^U iJLjl^Jl oU-^il Laf idjil i>-jll y> ^UVl i>-j^a . id y* 

l ij . ^ ! I |^-d ^LjJUJ ^d *o JJ 4d^Il ^ L w J 1 ^ 

, i>ii3 jt ( - /P > Oj-^aJl 0^ iiljii 



(Decibel) Q 

oli jVl JLiu-Vl jiVl ja LJfj* Lit 

j,U 4 olj^ jip jf (jyi>jll C-jO> 4 iilkll C«.4Pjw t Oyt4 ^L-Jl 

a ~ * 

uu«^ jj5s-3 tojiJl oLapLsA^ Ipji? ^^Li> IpLjI jMr' 

jOp LipUJilbj .UsJI iJU-l J 4JIL.T S^Lpj JjVI 5JUU J JjVl 

(^rylj- JJjJl e^ljj Oy-^ jLjJ^-t 0^3 Ol j*jLfr jf {jZjA oil]I ^ oliJbJLll 

, lLUj J j iAi O^Vl bf i I 
J U^ J1 iJlpNl 0^ Hj 

i j.n < *- «., 1 1 ^j^LJLa jlSol U^S* JL43 I^pHjI^ ol>^ll 

jlJJL* Oj-naJI oJLij . jf ^pJJ J^P e-fill^ 

fjA Js>-\j Jit Jju ^Jp ^oLJl Oj£j <j\>- jiVl <Jp £*i (^iJl JaiwaJl 

Jai-MflJlj 0^^ ij* JaJwsaJl <jy <jjiJl jA Hi ^ jiJJail IJaj . jd^oil 

# 

^Jl ^L-ul yS jJiij of 1 jaJL*p ^ j 

1 ^ ^-^L) Ojill ^Op 11 0j^li 

^ LmJ i UjLlPl) 1 Op I Juk^ . t 

^LajC Uj^Jl d J L«> . k * 11 ^ i— 

:</*! jaJI Jp >*l 

Oj-sHl IJla ^LwJ of jrP-lj oiVl 4jl*—J sJO y*<0 l_jl*W?f g^if — ) 
.OjiJHl £j-i£ ((Jy)) ^1 LjJp jJLkf IpH i^LS oJL>j ja 

io^-j , ^Myw J^ (.1^ ®^*»»‘P fiJlA c * <1 >w^J 

: dj£z 

. ^ * — 0^ I Aa<»«wJ (i An„*^9 f D wL ^i 

o j— ip Jp Oj—<<aJt IJa Ja^./all jlJLL# ^j-*^ — Y 

olJ^j ^ * ctabi ^ * O^1 

• JaJw? 

11 j5va JaJwzJL iw?* olj-^f c^of — f 



law-all 



5JL>j 

(Y fij jiaJ!) \ * 


<£■—4 -T^ - ' 

0^» Jif) ^ — Y 

y« — r 
J—t * — t 

J-_o t * _ 0 


iaJwaJl ,ju (3 ^aJI JjL*J ■~jj-^»ll oJLi)) t)t< ^JiliJl Ojjlill Jj - -■ 

JjUII iawJl JLJ^I Ujl^ ((OLJLJJI ^LJl ]a^>yj>j *>Vi 
Jua-*«j£ Y * of Jij (t • 11** it 1 ) 3jc>“Vl 
Ji i * j lam^ oJL>-j N * * * cbL*J f * J Jaiu^ oJL>-j \ * * 

. ^ • J }\ju 

o^bjjl 4 ^pUa1L 0j& J ojLjJI 0? iJjb 

4aJL \ • ^UVlj ^oJujlpjJ ^tJLc ^f c-jj-^aJL Oj^j Jak-aJl j 

; (jl£a ji^tJ oLm^LjJI 

* o 

+ W) *• (*0* + ^ + W)r* (^ ('• + '•) 0*)' % 

•.Wai\ Q 

- (t • X W X t t • * * pi (W X t * ) 1 * • fi (I ' ) t • 

-('• X 1. X 1% X \%) W" 

oilj Loj l v 3 ^I 8 wO > ^>%mj oL J JUI ^3j 

! (l)iVl 4.«.<>■■>«J (JJ_ Oj-^> ^Jpf ^ 






0%-j—jjJL \1Aaj U j o^aJl o y ^*0 JjJb*- 


J-j-iJjU UaU. 

(Intensity) SJLlJl 4—) 

J** 

0 ji ' «*f> ' •• ' 

1* 

0 Jl ')• 4 b \ : \ ' 

Y • 

(' Jl T '* ii f ) ' : '* * 

r* 

(' Jl T ' * i#b ' : ' • • • 

*• 

<' Jl 1 ' • ' ; ' * • * • 

0 * 

(' Jl *'* iib ' : '. 

v 

0 Jl ■*'• J) : '. 

N * * 

0 Jl '. 

M* 

0 Ji '*'• «#t) ' : '. 

r 

\: Y 

n 

\: l 

(r+ r> 

0 Jl t Ji* oM 


\ : A 

( r + ') 

0 Jl t Ji* cAj 0 C J) 

n 

\ : t* • 

(«^ : ^ *» + : t») Y* +1) 

0 Jl '•• Ji* ol r ^jt) 

'•“ ob 

(' Jl "'• J^) ' Jl 

Y*- 

(' Jl t_ '* Ji*) ' Jl <•' 

t- 

' Jl A 

0 + c>) 

(' Jl l lr» * ' J 1 *) 


dJJij . IsOjf Jai-jJl ^Li J J. :r wJLll jUxi^l ^ ~b>-j Jij 

JL>-lj ojl JlLo QaJwi v Ua.li iJLjNl jiVi Oj-^ i- A* ....*?! jV 

Oj-^ ^jit ^ oljJl 0j-la 0 jJL» v-iNl \ * 

olwb»-jJl JJU* <J oljjl ^ * • / \ OiVl 

^oj . Oj^J-* ijU iiJlj jjiy**»* Aj^-LaJI 

c.ia.i? Ula . JjUI JyiJl IJla __jl£jl 

(jf jJb jiJl . aUaj Vf iiy JaiuaJ l ^Li <J* J-sr-i-^l 

UsU- LjL-J| ( j«Jj t j*S) o*)L-—— jjJI i-iP 


ttt 










cbU; ^ ^ JaiwaJl 4,... 

Jb y*?*» o^L-—jjJl ^JLp oLi \ • I ^ IaLoJ pj yup ^JuywuJJlj 
SJJJ i-^JL c^tj (\ * • ^f) \ * x ^ Jf ^,-Jj t * J1 ^ \ * + ^ * 
JaiwaJl i~J c^L-i* Lltt NjJL>- 4ijiaJl oJlA Jij 

IJLA viUlj O^Ly^jJL HjIaj Uj 


Jmnlill U^llU Uj 0^)1 Lh ^ 4 mJ J jJjf 


■ will J^Ult 

Oj^Jl ixw» JLJ 

ji-u? 

' Jl ' 

Y« 

(':''» iib \ Jl \> 

t* 

(':"'• J) \ Jl >•• 

1* 

0 : T ^ • tS f ) >•• iib > J1 '••• 

A* 

( \: h • ^f) \ Jl \ • • • • 

>• • 

<'••*'♦ iib ' Jl '. 

YY» 

J1 '. 

U* 

(': v '* iib ' Jl '. 

■\ 

' Jl T 

\ Y 

' Jl t 

(% + n </) 

0 Jl ii f ) 

u 

^ : A 

(>Y + 1 ^t) 

0 Jl T t ^t) 

Yn 

> Jl T* 

(Y* xi <^t) 

0 Jl '• 0 ^ iib 

«Y 

' Jl *•• 

(t* + \Y tff) 

(\ Jl' • • t <^b 

Y*- 

t Jl 

(Js»-d* 1*“) 

0 Jl '"'• iib 

i* - 

y Jl 

rt- 

Jl T "'* i#b 

1 

+ 

•q^ 

' Jl , • 1 

0 Jl >•' &S) 


m 











: jUa^L ^Lill oiJb-j ^SjL yJi UlA i>* eS^ ^ ^ 

. i-JliJI j j^Jl oLJbDl jl»j ( jrfli : ajzi\ 

j* *I^>-L (a£ ji- 1) jlJi* ^^aif jw jLfr ^ > 

.JUJUlil ^y> cjiJf 

Ap^ja tiai k*0j A • ♦ • / \ ©jlJLilaj ^IjJLj (j-*LL I hi^al t 

i>-Lw« lajl^aJ ^Jl oLjljdl 3JlP ( j^' 5jLp La 

. Jb-lj 

4 la X m j La ©jl JjLflj JaJcs^Jl jr\j (jjxll ! (Work) ^JamJI 

jI JLS jC 4j|j OlJ^J 0 JajwaJl jU jf J* iajLtoJJ A?UJ 

. ol Jb-j Y' = Y — 0 ^jLJ JJcJLJl 4^J jli iajliLjLJ 4>wJ Y 

o* 2?^' J*-^' t5*j ( er g) { j^ l ^-y J* 1 -^' c r'^iJ 
. A3L~A ©j 1 » 1 a© ila.^ Ifljl *—) 

j ^ IJLA_j oLjja«^ jlj»af jlJb i © 0 ^ 4)1 4^jJ> 
i^k-J 43j*«a v- * i lal) N .iSij^^/1 jli ^j>-f A^-lj ^jAj . |^A ^j^Lia 

4j * . viLta j IJlAj 43 Jj ©j,Lpj Oj-N<aJl 4 >-jD 

44„^3>«‘.a jf 4*i> jA 4l«bJ Juftj On uiijf Jl*>» J* 

. ©JLpU^ jf 4JajLfc 

. 4*iUl ^llp jA J^-aVl ©Jjfe 43 j *.I ^L^ ^JJl jU iJLfc j>j 

ApLm»j ^jA U*^i?Lj Lc Aa 4^3 <JotX£ 4^sjCj 

. ^L-jVlj 33 ^zJL 

jj-ia jjJLa o^J^p ^U;j : (Intensity) ©JUl 

j^VI 4 »- »...«J Oj^ (w4*^f Oji i-Ljj *j^il ^c©y^*jt (j oijjl ^j-a 

^ ' w - ** if t 

. oij jjJLa 0jJLa oVl ©j-JLp ^a IJL>-lj 
jf <-aIJ ^f LfWlj jf jj3 jiVl AJC*~J CJy+P -uif l>\ 

. £^1.1 J olj \ > > /\ ja Jit bj£j 


- \ 
- Y 

_ r 


- t 


_ 0 


_ n 


rro 



Jmmj jlJIj . 4 1?• ^<* Ua 4 a * Jmm4«i)I » V 

. iJL-jNl jiVl aSj-LJ O y& J a Jc ^ jJb J^j — 

^a<L».ajc 41*3.* i—I dkX^ ^^*<1^5 LmJ I ^L>^ 

- * 

JSLli j >-1 Oj-^ ^ \jj** }J ol jZLc :(Wave Shape) i^^ll J£-i — A 

a # 

^JlU ULi* i^il J^-i ^j-Jj . l C f^ # 

0^^^ ^Jj l ^ 1 • 1>WJ \^ s / 9 ^)l I ^ g y twJ 4 .L * . « . a > ^ ^ 

. JL*j ^ U { j£>y&*» ^Jl JJLi^jl ^Jbu 


^lA 1 

■ \\\K SysliJl . <jjjl .' ;4-4^1 JLp _ 

~ DANES, P.B., and PINSON, E.N., The Speech Chain, 1973, Anchor Press, 

New York. 


rr\ 



QUiiW 

JjIj (RS.S. Paget) ^ ^ M Y Y <j 
JLp (J^xf lj^- ol^ oij . oLI jjdJ aJjoJI 

4^23 J* 4 jdl iJli jlSj . L«Ip 4 ^%j j>fcJl A-Jj^aJi i^ljOJl 

i^Uj O^xi <j J^>-oJ o Jjfj <, (jiljiJl Axjjf C-n*“L 

A-jjJjJ i*xL**A-l 4j^f JjCLxl Jiil otl?j iS^J * OI 

o L*J l L_jj^cJl iljl^- jJ tAjjiJJl oi y^H\ 4-xljJj *ll*Jl <Jp £*xljJl 

l^U ^ J ol 5 yi^\ oJL* jll>-l Jjj .Oj>«xi-l olj-^Vt jJl 

(j\^\j jkJl Xp 0->Jb£ t5-^^ | J J>-J^ ^ vi~>- 

. jiJdi jf 

*. 4**j4i^V\ o\S Cj ^\ 4»J^\ Q 

^Jl oLjJl 4 P^ftj£ A**xLxf AA> 4 j OjIS* iL 

#" 

^S" i]j*i 01 j .143 ^j^ai\ jpJlI j OyjJl 

AjjJ f j£) . o! 5 ^lxJ| aJLp j Ojj^ A 3 jjd ^jP (jJUUJi 

^ 1 ) A_^ai>oil oL»JuM ^xlJ J,[ L>JLi Oj-N^Jl 4 _*-jJll ^xLJL# 
^rJl a«-JUL- ^p g;Ut Oj^aJb l^jlic ( 0 ^/i WVY c^c it • 

l—jx^p Oj j»J ^Jl oUJcJl ^xLi J,jj 4 a^Jlj oJLpIL LUJl i^»UVl 


oLJjJlU iJjjJI < S M^i r \ jx j*j «, (Vowel Resonances) : JUll jly* (\) 

. >4YY i-x 


YYV 



0*1 j>-\ L»JUP jJlj ^JLa-P jp ^Ul Oj-naJL Lj1>jLSjC 0->/i WV Y 


Ijjj c 45 y>- \ t boJlP oUfljjj 4jjJOoj ol5 j>*j jia* ^ 

Jc*^>- *j>-j ia^N jjj. JujJi jjf ^ybfj oUJcJl j>» { j&. l£ 

Jp Iflw *<0jAj l^L-bi jJLaj i«J>- J5 4j>-j3 3JL>-j . iSj>~ J5 jwJJ jj 

45^>- J5 ^I J jlp 1 4^jL ^j4 *A5 *x^*^ 03 ^ . j^XwJ I 

<w-jI 5j . L^.*3 i5 I 4aJ|j^^JI j* ^s* 

(#d') <0 j/3 *\* A Oh 0^5 Ia33jJ jf ^f i>»jOjl 4 a4j jA JOJ^Ll 

Oh ^jLt^ 4 .>^i>w> Oj^-I cJl5j t(e ww ) <i>/i Y®Vj 

£-Jl j ^wijf Lixjl io^Ll Cjl5j ,(#a") <i/S ^\ Y j (#e') i 

yjOaJl Jjl>0 Ujlp ^JlSI Oj^aJl 4...«.t.T LL*Jl cJl51^5 ( JjLJI j* 

OL*Jl 4 _p^*j>*1I Jp ^ >< jJLl?f jl5j . 4jIjl>-1 jSOoj of 0^3 ^OJL 

oaliU ooLJjJl ^1 ^^L-Jl Jpj (Front resonance) ((i^UVl oLJjJl)) 

. (Back resonance) 

j5oc 4jli (#g") A^ Y jp 33jJl oUj <JL^ J <jf ia^Nj 

jf oO-JJl ofj 4 .oJcJl 33 y Ula of 0 j 3 4 jflJc^- ^jflJl 

^Jl JjL*»fj <JpV jf c-iliLl jf 4^*33 jf OJLi-l cjLlJ yjL 

^i>-jjJl oOa jp JJL> ^Jl of . Jo/3 A ^ Y jp I 4*OcJl i>-j3 ^Jp 

oO^I <J oUllI ly J^° 4j<Ou Oj J^aJl j!JU jC Jj\s3 l^li 
joLXJl ojlJjw^L Uauf jjfzJ JJuJl ol3 c^OJoJl of Jb^-j \j£ . ^*JJi 

^3 |^15 4 >,^d>Qa 4 * oJcJI i)j£j Iif-j . I ^1 I 0IjT C |jPJ ^ J f 

.j-^aij jiJl Ic^ 4 jOJJ^ aj JlUj jiJl IJlA 


pill OJ j^5, jJl (a) oUiU iwljJI ijUIl 4^>l J LUJI 44>l ^ J1C ^ I JO 0) 

. (J jX-Jl 


YTA 




4_^UVl jJl jv-ill JbJL>wJ C.>1 j 
: (JUl ij LjJj J \+*j j^Jl gfcJl i oij . 



(Y.t) JjJUj. 

* 4iW>\ Aju Amm> J>\ cA>-jJ»i\ Q 

IrWj^ of 0>-j Jij £» iiLJl { _ r ij jkj 
olSj .oiVl l*LU jSUl (j- 4 JL2xJl OjL* 


m 















. olylf- frUJl (tu i*AS' <j) (y) i-—Jyjjl aSjJ-L jkj 

JujJI of -bry (Chromatic scale) JjUl ^JLJl aJLaj £jJJj 

oi ^5 (Y* £A) A^L®Vl 

4.».l^Jl j (ei) 4_jyl>*jNl \j UUU jJLJl ^J-f' *L*JL> 

^yiiiLl l^oJ jj ^£1* ^LVl l^j o-y cJLt Jiiit (Earth) 

(3y ^ ‘uJoJlj <jljiLJ N jJI Oy^* of I La • ly^ t * 1 

(Jj>^\ ol^^Ul £® ^Vl . iJ ^J>\j 1 -Up SrPj^ Oyj J 

<ja iyJL>«JNl iS'yl-L ^ Uju*3 ILa ^Jpj .^Likdl ^yLVl OyjJ' vi»li 
(#G) ^ * Y UjJi 5 j^>u>- i-JUj fob JjIJl |JLJI ^Jp Ij- £j-^j (Calm) 
jy-> £® Ji ^LVl OyjJl IJla oli (d'") ^£^ IfUjj olSj 

<'>:IJ£a ^LJuii 


Jy^Jl iarji 

ijS^Ll ^jJI *>■;> 

(d'") 

(# G) ^ * T 

(* d w ) mv 

(A) WA 

(d' M ) \\t<\ 

(#A) \ \t 

(# d w ) > Y^V 

(B) \n 

(d'") nt^ 

(C) \ TA 

(#d ,M ) mv 

(# C) 

(<n ^^^<^ 

(d)m 


^ £ ^ U* ^jy ij <o JcJl j*j*j ^j \jJ La j 

. iJly® obLj iwu ^ ij r ^« jIjlajc ij j>u*i-\ Ap^JcJl i>-y JoLjj 


^LjiL ^...■■■‘JL| 5 jl>-Ij iOu jlJLuc ^jJcjj (Diatonic) ^yJl ^JLJi ! jLLoy j UL iiliA 
.^pJLJi ^btl 4-—JU iOu . L*oj j I JXc^jJcjj (Chromatic) JjJJI (Key) jynlll 

fi 

QcuJcJl Jv J-^UJl olS" IS[ (Diatonic interval) Lji JcuJlJI J* J-^»Ull jj£> dll j 

p 

sJl^j jlJlic J^jIaJI olS’ IS) (Chromatic interval) Li^J J-^U dj&> Jij aJUI^ UJC jlaic 

. 4 . « -*- > 


u* 







(ou) I iS js LL ^ jj 

: (Ji [S JjVl <j avj\ **rj* (J 


i-aUVl JiijJl <>-^5 

1 4.+JU 

(#0 vu 

(# G) ^ Y 

(g") vtv 

(A) \ • A 

(*g”) AH 

(# A) \ \i 

(#r + #a") th + VYt 

(B) > Y Y 

(g") vtv 

(C) \ Y A 

(f' or # a") AT ^ jt TAT 

(#c) \r« 

(#H VYt 

(d) ut 

(*g") AH 

(# d) \0Y 

(g") AH 

(e) \H 

(f) TAT 

(0 W\ 

(#f') VYt 

(# f) TAT 

(g") VTV 

(g) m 


. ti/i t • 1 $b ^yaiiU Oy'jJl OlSj 

(f) {jA C-uLb>-l J3 ^LaVl (ju jJl A^J«J jf aJI^-I 6 jjfc <j ia^^J 
. aS^-I *>-j* jjUo U *\AT 

^ * Y (jjt a*J*j *- a ^'■ jlJUijC aj^L-V l <+j*-> o-i aL«.>- 1 L« lij ciiJij 

• (g) W Ji (*G) 

aSj^- (^t) t * *\ A^ili-lj \Y**\*\ A~«l«Vl L^UJtS J^SsJ ^jl iS'jJ-l uf 

" # 

Y*lA ( j^ |»LJl Jp LjjliP Alt Jl>-J Aiu i A«.lS.1« 

Ujip \m jioir £b ^b^i 0y^}| Jl Ji (#C') yv\ Jl (#C) 

I j>*zi\ ULfc Jp jjti Jli ^^bVl (ju^Jl oU ijPmii’l A »A J C. «d~ jl 

YiN 






4* »0-l <+jC Jl 

</-*' Ou^l 

(#C') YV> 

(P) inn 

(d') YAV 

(#f) UtA 

(#d') r*t 

(g") >*n 

r‘t ,>ulij \>n ^ 

UVl L^j o^Ssj ^Jl iSj£-\ ill>- (j JdLj 

a?J\ oli (#G) 

<J^U 1 |JLJl ^ ULp U lij 

IOa i>-j^ (#G) \ • 

: Ji 1/ 

^•U^ll Jy^Jl 4sr>» 

4aaJI 

(C") )*Y* 

(#G) \ • Y 

(#C") ^ * At 

(A) \ • A 

(C") > • Yt 

(#A) m 

(#C"') \>At 

(B) > Y Y 

(C") Wt 

(C) \YA 

(#C") > • At 

(#c> ^r« 

(C ,w ) > ♦ Y t 

(d) \ tt 

(#C'") >«At 

(#d) Sol 

(d'") \U^ 

(e) ni 


(ju jaJI 0_^j l«OlP 4jf iJL a ^gJajj 
v-jjliJ LoJLp . \Sj\j Jiaj ^UVl <jyjJl jli ^UVi <jyjJl 
<J Jb^-fo ^UVl (J„jyjJl <j\$llSjf jJLj L* Jl jll^jjJl 

. 5i*AJ (Harmonic) ^u>«.~:4 i*ju yf J-^aJ 

. <4jcJlj V ^UVl <jyjJl of dJUJlS^ j jla^j 

o<. c-3jJl j j^Jl^j *Lp La li| LU p IJla ^ 

^jJHj of j5Ut ^ <jf c_i^b^ll ( j-4 <j>-Ui ^ja oLJLwJI 

YiT 









. C*3jJl J <j ^j~Uj ^LaJjNl (J frLiJl 

o-La jtj t ^aUVl JOjJI i<Jo ^^p 1 <ujcJl of 

JyjJl oL»-aj Ut . ^LiJjl *~~~i (j#***^ oJ^>-Vl 

Ajj>w IJLA A3 jXA ij£sj - {£JP UlJb-l 4.Ul-^o JL>w~*3 ^yaiiLl 

(who) J (u) 4.A ; . ^ 1 i^waJl jkJl **J>J J dUi Jj^ jt J iiu^j 

p ' w 

%}Li jUdl ^y3A>- £A k>d x .>’ (^ (^r^ 1 °yj) 

(Two scale contrary oL^Vl Lf ~S\x^» £jJJ y» <j\PjJ J| J^aS 

Jp oljU>-l iyf jA La .Hi L JS jf jS’jJ of IJLa £»j .motions) 

ojLlplj 1 j> Vf l-LAj (vj*>-L)l jJ&) <A>-ij 

- * * * * p 

• *LrH cM ^'r 


A^dlS* APj** 3£ ^Jp L-Jjl>wJ 1 o-La LjL« *\>%-> Jjj 
^j^Jj (Relative pitch) A :r «:Jl Cjj^ai\ a>-jJu oiVl jt JyLb£ ^U^it 
JO^Jl Jp aS'jJ-I 015 llj .(Absolute pitch) Aiiiall 

C-^li li| AjL p-£LA~l j£*il J* AjU i A^iiiMj <L*UVl JyjJi ^£3jiJ ' I 

(^o aJLJU^o ol y&\ ( Jp i oUL-*Jl j-jLj o*>Ljp 

. ji*L)l L-i l:.> -1 

Juj A3^P AiUiL ^j>-f A^y J[ U A^^p- ^^Juj jf i±)Sj£ j5Uil J* 

jL-^JUaJl jUaJl A3 Jp ApLmSJ I JlA .i-oUVi A3 jXll J,) 

U-Up N • Y i ^-Lj JOj ol i oj£j jf ^Jp t j i>.. >Ll « TV LjJa«^j IjifcyLL. V • 
(jiaJl Xp ^L«t »JlA (jjjJl 4i^P ^>yj . y 4^-yAA jj5j 

I (jVl j>«Jl ,Jp L^i li^5L>-l Ja>-t5L-ij Hj o j. ol5^-l» 

. (awe J) (c) Jl. jwaJ (HyJl jLpj) (AjjJbHNl calm j) (o>) 

. (calm) J a) Jl* jwjJ (HjjJl oL>j) (i hat J) ( i .) 

. (o) j (e) iv. jw* (^dj^^' U P J) ( A ) 

.(o) Ji. jyaJ (ijjL-jNl not J) (o) 


ur 



who J) (u) JSa jwaJ (Aj^Jb^jVl no <J) (ou) 

. (A^sdll 

. (a~-J jii\ tu J) (u) JJU jwaJ ^j) (Ajj-U^l he j) (i:) 

. (a~J jiJl peu J) (<t>) Ji* jwaJ (aj they j) (ei) 
.(oyj who j) (u) Ji« jw*J (AjjJjfJ'yi earth J) (8:) 

• aS>o AjLji (_j ^ j>- jjj 

l AiUl j st^Ul jkJ xp _ Vjl 

j»A^tll A. JL) A^aUI A..,'.,.,)^ A a Aj JXf IpA 'AS of tA>J ( l ) 

# 

^■jlJi ^jcuJcJl <jyU& ^5^ jlj t i-JLjj 4 -o-*j 

jjj (Semitones) oLJcJl oUaif ^y> <L~i" JI Jwl jljlic 

. iS'ji-l £jj j 

^jp IgjoJio JaJ ^I oLjJl I Jp \ c= 3) i^«L«Vl (jyjJl oLoJ u i>-j^ (c-j) 

l)j^J 1*JLp_ 4mmJj <A>4 j (ioliJl J 4jJlO A ^ T 

o\J-\ J ApIaJjL) O-jjJl Jbjli i ol_m jJ _Lolj 

Ijili oaiiM jJl o L Ju 5>-ji L»f . 4 -^U>«jIj 4a>-I yj Jj 

oLs^l 0L-U I ^uAmJ 1 aSj^- Lij i+maJ 1 £ */2 £ 

, ^lj JbJSj ^jjJl ^*^ 0 - Ic^" 4^-j jJl c I uiL o 

J U I*j aJUI J i>jji A^Y ^jP JJaJ ^Jl iy»L*Vl jJl oloJu i>-j^ (^) 

• ^ . aS*J i JL11 aSjIJLi Jp 

(u) 4 S../ 1 II 4^a)I Ji* jJl oli olSJ^-l _ \ 

Sj-i' Ji*) (i) Sj^Jlj (ij-^all J «Oji# W Jl») 

.U£| J jSjil J>J jzll o(4 j j-^ail <j #<ui» 

(j &JbM <_£^>-^1 j \<~» <J 0j& (^) 

.^bJl 


Tit 



^ tAj j (better) J t *Ul Ji*j 6^5 Ji* (3) 

jV ^iilij . dbJ-l aJ L ^j jLJlII <Ju iiLwa 3p-j jf 

. AjjaiiLl jJl ^IajjI AAlfllLl oJlA j £j j^aJI 

£-dJjil ^yiliU ^j\jjJl oli 015I ^UjI ^ All 

A^jabVi (Aj ^[\ ((v—•’U^)) (3) W Ajc%*»I^J 1 A^dJlJI 

(jj>-i” <j ajsOaJI IfcJl ioyJl ol£jJ-l ^ytj) (a) aj^IjJI 

OV (wJUlJl aL^JIj q LmJU I A^JJLa J/u cj j./a>«ll jJ 1 A3jP 

. aJJjU ^1 oLoJo ..«»j 1 -La 

^ju jJl ^£3jP ^->*->- <Jp QI JU^aJ ij^UVlj A-ili-l <ju jjl C->L«-*J — T 
. oUuaJI <Jp j^-Jj p^lJl i>uij p-iJl j 

• *jji^ (3^ a,> — I^jIj 

3~kp j) c-aIi^- ij j>%^^\ A^JtiJl OulS^ ( f ) 

j*Pj ^ ^JiaJ <L*L»Vl <j\jjjl Ol>-j3 jU cA^L®Vl A^H-jjJl 

oUJbi j>Jp LoJlp . aj j>%^-\ a^JcJI a v-i^te>-l 

6<\jb 0^3 t A^oLoV1 A^I^j jjl oI»aJ 1 

<jUaj j £Aj l-fr*- 4 AjA*Ju ^jif ol^l j cpJI>Oj 

. 3-kP 

t Aj A^kJL jjLj Ljit jJLj 'i/ t A^ili-I A^Lj jjl A..- 1 l b (c-^) 

*/i >t ^jA A .t.w^*^ Aj^\j <^\j ^^ 1 jZj U A>-j*kJl ^ -k3 l f ^Jj 

ajU IJla . iS'ji-l <^y jJcJ of Jilij t (semitones) oUJcJl 

O t » J u ^P aJ ji^J ^Jlll C-*3jJl y Aj Jp^^\ A ^ j c Jl ol ia>-^j 

. Ajili-I jjujJl A3jju l Ajj JUp jjtj 





oif Jp <, ijiil 4*^l>-j 4 «-LaJl^J\ ajJlJI *-|Jp j>- 

^yJl ^yJUJI dilijdl U Ji^i oij . jkJl Jp ajUj ^L-Jl Jp jOScll 

Olj-^Vl j*-L*J Aj^i i«lp3 j^L*J oUljillj ^^JiP J 6 JjZj 

J* Ol^Vl j*Jp (J |^3jU-^ 3jlil ^jp Ja! tAjjjJJl 

1 -La o> U >.m 4>^ I (_£>" I^IJ^ . Aj^iiJl djI^-s^Vl ^Jp 

jz+£ J J* 5, 4jj*^ j»^« i -» l fj Jp ijjdl 0 ^a!I 

. l^iU^jfj L$>-jUj AjjJb>til oUUl ol y&\ 

£jj>* aLjJpj 4s>-j£- Jp <L^L*f Atf./j> JUI-*j Oj^aJl jlSj 

Oj-saJI uLS' L«j jlp *1^11 

Olj-^V oJjli ^ -bj>vJl A-JJpj Ajj^***> i. i^J J| . L* 'J+4* jf 

v»A«A«)l J I #-|Jpj Aj^.^i*» \jy£ 15^3 {£ji. ^ VJ’*"^ ^jcUl 

■s U: . , .J JJid \ ^jCdlUaJl (3j3 illlgj lJUfc £*j , ^jJLiJl Ojill {j* JjVl 

L^ lyUifj Oj-saJI frLjjij ^jdjJl j%JLp a-|Jp 

aJL^ >j . AAsAj J 11 ^Lo| aJ U p ^3 Jp ^JbJLpL%Mj La 

. (jiaJl tf-Uopf <sJSj>~ oLJ Apw^jJl 
^jp ^jU jLu^II Oj-saJ! jf IjjJS ^3 a-Lj^aJI a-Jp of p^p^jljj 

IjpUaT.-l jJ dUiS j*PjJLj t A^jil ^jA ^aI>- ^y 

<,j\j j y Aj jiaJ dJUi J {j&j*j£+~a Lpj# <SjZ AJaywJl oU-jil oJjb JJ^ 

Ija J I^.S’ frLp jl aJJLII a|Jp jli ^ojIaII ©Ja jljii^l ^ I^PjJLj 
£ yi>-! jj\>- ojill (JLa c->Lnj*jjVI dills' Jli-t JJ?j . Jidl J^JI 



iJLkP JJi£ iJL*^ Jjts- ^jJl (Spectrograph) t yLkJl »ljJ' jlp- 

O aJjIc <_£^>-f IJla ila-rfljjj . oUaJ- (J yi 

l^«lp -LpL^ iijU- A^JlP oj^J JjjjJLll j*Jp L? *■*■* * *;■ ' I 

^Jp oOpL**11j aJL.Si.^Ij oj^^f J Ld««la> 

aAJLII jtJLp <ju 4JL^U!l ^jJii-l vi%JLj jlj . ^^pluaJl 
*\ c JLp ji-aL*j , C^Ja^ - 

jslsjli <> J iyaji oij-^Vi ^ cijiiii oij-^Vi ijj* 

gfcj l*-*f {j* OlSj . Oj^aJl ill(J 4-pb^j frLjjjaJl jilp ^Jl 

\ Lo Sj^ill o 


o\fl.^a\\j ^j>^S aS’^^Kp Q 
*. A t PU^\ 

JUP <j ^>dt (3^J lp-jl£ l>.«> olj-pVl j^jjiiJl j*-~3 

Uia a^pU^JIj iJLjJJl oUljjdl oJbf uij , JJ U/S^ Ig^rlil 
viUi ijia-jjj g)[ 4-pliJLll o^Jj Ij^li 4^>-U i jt yJfal l 

(Stress, intensity or a^-jf Oj-^aJl SJLij j-jJlS' iAJhiJbl iyiJJl oli^aJL 
C^w?f Jj olpUajl ^ \j£ J^-Vl oJLa JLjJ ] I jl^j . gJJ voicing) 

gs*»jJ 4SJ^I OjJu OjJjiJJl (1)15^ . 43Jb If^LJ i-aU Ijj^l 

Owi-A l^pllfl*»•>! «a5^ . JUp ^jl)I ^ o^LS^j^l 4^la«4 oL J L 1 1 

. 4jjLaII thills'j^L U ^»**> a.^..xI^aJ 1 c^lfT y* 4pL^>~^ aaIxJJ 

olS*jj>JD ijpU-Jl oli^aJl jujl^ ^S^»f ^^LiaJl JJL>*Jl 5J-iiiij 
^ Ojj^Jbl aj Jli U go JJUJI IJLa gjbJ cJmJI cjLS^ (£. 4jjL*il 

^jwJ SiJS Jail ^Lif Jij . cJ6j£-\ oJLa jp 4jJJi ^I^Lp 

LAp jLm^ of O xy u l l OkjlS^ . I^pIjjL ijjL^jiJl col 4 i 

J_*i ^ ^LyapVl ol5j->j JbJL^ iL^iaj olj-^Vl c-i^aJ jt 

^1 (La \j~»j ) oLJaJl Q^>UL»iH gSllJ UlA ^ \ ofj Oj OjjjaUI 

.o-UjjiJl ^\ c JLp LJ[ l^- (jt 


YiV 



: ( I ) 

N ^JJl 11 Oj-sA Jl l^L a£ j^-\ o^jjiiJl i j& 

A 6 W«,a Lfe y^^tt ^-ijJl J^-b \yS* ddlaj JUp 

I ja A*1p []a*m*A \£~*j AjjJalil oJli Jj^>- (Jb^b y**j 03j . j ^1 

Uu tf>l of Jl 1^1 -tfi i^U_51 olj^Vl ^ Ut .ijULI otf>l 

j*pf iJliJlj JjVi jfj (formants) 1 y> 3JP- 0j£o iSy* 

. ^jyU 33 j i>-j3 ik**l jj iS' ji^\ 3JL£ L>f j5oC 0~>- ^J-l oJlA 

I ja >*>j jL OJL! 3j . yj^r (Jb*b IgJilu \^ aj jLaLI oLS'J p lLJUS IjJLJg 

j*-» 4 Ay 111 I OJ^-1 jlill JjCj JjVl A^^i-I AP^L^f JjC LjLu 

A>wJl OJl5 Jij 1^3 (jylfc 33jJ J^jwCj iS' j>- J5 Jix A.latfi 

,olS>l UkL JUb ^ %‘br jUl JSbiJl olS' of 



( t/>-r-t) 

. y^r 1 $ o ■ **j Ajlfll* ( ^ ) 


Yi A 







(v/'-r-T) JSLi 

ollJij nj ^La] J^-pU—J l j^-Ul l$Jl 1*5 olS^J-l iakl« (v-^) 

. yy>- (JlJlj lj<- \j£ AjjLxil 

oJlA ijjliaj >Vl olS"jJ-i ijLj L^Lm»( Aj . L , ad » (**-**’) c 3 

^iaJj J^jJl <J o^>-^ll ^jVl tljjJ! Cfc* AjjL^il olS^A'L olS 

J^iaiM L*f . A^fj>- 4 JIUJI jj^jJl v^-«^ fttaj*^ Jai 0 < J b -^ ,,ii “*^ ij ^ ^ a ; **‘; ^ 

(jJjJl Jai-lj ISj£-\ c.JU «jj Ja>- J5 <j JaJLiJl ui^JaJl <Jv->j . oLS^J-l 

♦ W-iV* (H—I 

:JLfl£^1 ol^t (y) 

pI^LI tj»L olj-^Vl oJLa OjjjaUI *- tf. p>j 

«.*>«■> J^ll! I JLA ^4 pljjkl Ip (jl^P J 

** ^ * * 

cjL^ jJt iJlf- (Acousticians) j^L-Jl frl^UJl ^lj .U^w IS'lSo^l 

U* 




La t 4 Ljpt Vl o*La ^JJL^ «Xaj JL5 ^Jj 

IJLJj t (Random distribution) ^1 jJLp gjy Lf>-Lol Jlc- iiUaJl gjjj jf J 
L*t . ijl^ 4 \^jj£j Jj»-jj 'i/ 4jl3 

^ t>^i> ^L-Vi i>-j^ J obaji jO' jit l$-i jU #j^4>«il 

if 

JaJD ^jP ojLp olj^Vl eJli 4.4 : lall Oj j-^aJl 0 j5oj . l®^>- ota^y 

^^jP 1 1 ^ «.<^-) 9 . ^g A >J^ l 1 1 J*«**iJ ^J* 

ol^j ^A.Ja.11 j^»jJl iiUaJl ^j y *JL> <j ^>-Vl ^\&>-\ CJy& (_$f 

. JLaj ^ oLiaJl jjl oJLA <diaf £j~*3 

(Stops) : oliS y}\ (^) 

(Plosives) ijUiiiNi olj-^?Vl 4 aJL)I ^IJp l$JU- jJLkj U ^yb cJla 
of vi~>- ^O* J-o-~» oliijill ^Lks^j . (Implosives) 

oOaj (^oJl ^-43^l)l ^A ^ 3 ^Uajl cO*j ^jlll i-4 3 ^ljl jjb 

L« 41 QAl J ^^* *3 I t j-dl Ja 3 l^fj 0 1^jLs^2jJ , (^t)Uajl 

043 O^LpIa-wJI ^jjp L*! . ^j^*w9 jl>c4jI Q. «>*j 4>03 Lolj ^43 

AOjjScJI ia^i-1 ^4 49^Jl l)L (J^aJI J} ^jA 

! Jp J . Wlwj^ . 44^^\Jl^ 44jl**Ji aSj^~\ J Oliil ^f J^Vl 

job)) J i^CJti\ J&ij U iS^>- J iJllJlj JjVi i»j^l JbJl£ _ \ 
^1 iikil J ( j~J JLSi 4 j_p«il Jp ^yJl jlJul» <j\S lij 

tiS*JL^dl (Steady state) ji^io-'yi aJUij 

JS 

J^*)l v i Ij L^mIp LmJ 1 v ^*^11 ($* jp Lm«j j bw ^ «d I 

.u 

(_j (#4>«lj + ibJ )) oJJ 4....■'. llj) < 43jlJ 1 JL*J 1 Ju _ Y 

iJlS" j «< _l + 4>*i3)) ipj^^JU vJL)) ^-JiyJl JJ jf «oL» > 

^p Ji jf OjJj Wji 0 —jf foJ of o>*j Jij . («^L* Ji« 

4tfla«ll Ij4> ,*ij , 4 JI J-sAj ^>- Ojwsj jf la.^ i!l>* jJ 

.(Transition) JLioNl iikjc L^oL^ jf aOjj jl i!l>- ^ 




(T-r-t) 

jkJl jlp v-oS ji\ 
(t) *bJb 




. J Ji-Jl laiJ~l jJbj ollJli 1— 3 l+ ja^\ )a>- _ ^ 

jiUjf Jb>-y JaiU 1 JU <Jpj . J\*Jl ^tjii Jai-I yhj Jap- — Y 

aJUJI ol j <jw 44^/i tA* (jjt 4*-bU ojjLkII a 5 ^p«JU <a^-\ 

j,a-j ojLy^lj jJLScil ci')Li>-lj 4-Sjp-^-l c. .a L t . ^ 

. C-^-noJI 4 dla'.j j^ljC j^wlaa’1* <jwtj jrJap- _ V . Y© Y * t VY * 

^Jp-Jb Aif Jap-^bj JjVl A*^-l Jix jAj iA* Jp-Ij ^^t Ja>- — t 

. frLJl Oj -^3 £-« Jlilil l^J ^ Aaj^-I jt iJlfc Lm —*J . «>!■■ <> ». rtl l Adlab « 

A^laiLl oIaj JuJl J* ^jmjS Jd^b ^y>j JjVi A*jJ-l iapb £» bji^ biif Ua^ M — 0 

j A la d‘> jw Jppail oJlA jt Jap-^bj . AaJUpJlI aJIiII Oji-l olb^jJ JlC 

^J.a...J1 Jbwa ij LLJl Jp^laibl la.^ Jb/b ^A* • ^Jjbb jb-j 

. (t) Oj-^aJl j> 3 j* (d;/i ^ A* * b.^Jl) <iaiJl o-Uj . 

C~waJl iyj Jp-b AjJaa&U Jpjlapy jL-Jl AJliJl <*^\ Jpj]ap- jf Jap-^b _ *\ 

0JpMi bb f bjp-j Nj JlijNl ilf O^J ■*yf 


jpJ j^-Ij frJrP-j bb^l jl aJIp- ^ «jb* Jp^aibl _ V 

. Jliu^/l 1«AA 

. «t» Oj-^aJl jt Jyw ^Jl ^ (T) (J C^-*aJl AAlab* — A 





• Oy {j* Oj£z> (^Ulj ^.Lo) <_a 3jJl of Jj>-j Jij 

, *.r■ oi ^aJ> Jby f JLj Jlijl A ela'.oj AiiJaJL* 

jl-lLa <^P JU Ijo jf *IJ) Oj.^aJl £jJ jf ciUJi5 

, AI>-jJ>J jf JLpL,^ jf JajlA) JlioVl C~4 -*aII 

i.,ill4 J^Ja.i»i 1L -bJ^* 

|^<L ^^jJl IkXA ^JlAiO^/i aJ^ ^ Uo J A**4 f JL«J (AS' ^^y) 

. ^lli j* 

i\ o 

■ #-Lfc 


y+^sj oJL. (JljJl^ a»^aLaJI *UI lAli^ oj^^>*ll _ \ 

aJU- Jt ^jJalljj ojJL f JLj A+ju l^lj t \^ 0^15 

^ ^ l ^ « 1 j ^Ji A*»^<fc^ll OjIjSJ^JI ^p ^iljj ^ IV1 

^jj-l!l {jA -» LgjLl? OjSi t 5jj-^>JlI A_ i 5 , 15sl>- S yI _ Y 

. OlfT j^-\ ollj^jC A^*-^i C->UjSsj«J ^yljJLaJl 

v- ih£ pis’ j^\ jo^j y* o^cj A^jjjV i oij-^Vi — v 

A^oJb O^/SfYo* tYo*% t Yo» (JUaJ J bj&i IpP bojy J 

. JjVl *y*sJl r ^JJ 

Cf* LfliJg t(frljJlj ^*!)Ul) 4~j^l Olj^Vl — t 

tYo* <JjVl ^*]AiJl a?-j3 ( j5vJj .olS^J-l ^>«j 

.Jo/iYt- ilY- 


TOY 



L$-i oU-jll j ^la^jJl i>*jll c*Jl£ 11 j 

* ** 

oLp-jll bjJL£ hJlP ol IJLa jli -LS'lj^Ni if>-j 

. Oj^aJI jwu! jt jf jj _ 

: J1 J^>A\ i I.U j* 

ii-Ul 4 j Jji ^jjl ^bVl d[ — \ 

L^pljjf jt (Phonemes) oU^Jj-aJI ^^aSLa^- JUJL>cJ cJL>* j ^ 

j-4 ^Jluj oIj-aVI Oj-a cillij (Phoneme types) 

^yjx *Jt V AsAjJl oU lJU& £AJ . oJL>-lj iijiaj V (j J^ 

ijj« a*,)1 oU Uj JJ eo jL-j^/I Oj-saII of Oj-aJI 

u-^ *>Lp jlp <LaL>-j oL Ua JI oijb ii^ jj . iA^dl (J 

. 4-j-I^Vl oUiil jiaj <Jp (jiaJi 

(Acoustics) v^L^pLq^^JI |»Jlp ^e — Y 

(Acousticians) iiyw «jjj-^j C^aSI i*~l> 

* 

^Ja>wj Laj . AjjjJJt oL jJaJL j UaI 4jj^a*JI oLL^aJL 

pJUJlj aJLJ^/I U Om ^J-naaj (^JJl ^ia-sAll 

. OuJaJl 


(Analogue) JJU ^bj| IJla Jp o!j-aVI JJb£ 5 L-Jjj j £ j >\ _ f 

*wjLL z . ^ - A^s>%s^-j l ~-*j y* 1 \ gdll c \I Ja«.»A Lm \jjj Jj ^ JU 

. AlS”^>* 4-SO^allOj 

oU gJlu j^a |Jla L#j ^UpL^ ajL^JI — t 

oL>- j IIjj^ *—*■ *^ 


ro r 



: j^ai\ oti*aJl LLJaJ ili«l □ 

LwJI 4yy*^Jl a*/3 1 I ^^ L a J 4.L*.©VI I^*Xp jLt U L a 

. (Polygraph) oljOiJl ^Jbcu ^ ljJl» Jlp- JLjcoL U^i 

[yiA J5l» oljl* <jLJj OyLi <ju jiJ olyiJl ^ iOp ^ jLji-l jj^ij 

<•if ^ ir-i ls^ — ^1—jt — 

if tjl^^-t (jjb <3 ci* ij jj if aaJ 

<j ji jJl Llj^aJl 44.^11 Jii lLjia>- Ifelp J5 j*3 j->-^l lJ jJaJl 
^ 4 Jl^ ©Ll* oljjj ^ ©U <y*0yj . ^j*JI l-^tr ^jJl ©bill 

dJJij tolJLJL 4 Ja.iL)I ©Jla j oLLp ^j-4 Ojl^- Lo oLliS^V ^JL^ill 

. I L^ ®b$ *—^^1^ |©-a)1 ^J.p ^ s<gjj jf ^Ll© 4^L^5" 4.1a»**ly 

jlil tl^AI L©L*^Jl ^jLL ^>^1 jJl olyj y© ^j\JLi 

# 

JJLC OljA ©Li 4^dl 6jJ^) JJ . <s 4jai“ y© OjLLj U?jJW? 

4_-jj j^^Jl A©wA^ La^l^y LU j ^+.«j oXd j^S' . «/i) I ©JLa 

j\P (jl Ljj-^I jbjVl (J ^Jl olyll yf Jill <JjJl oJUL© L ^P Igjw^j 
oLwaJl <—iJh>il 4JL Ja^Ja>- <Jp jlgj-l *XpL*J ^Ji JjL^jJI y© dUS 

. Oj^aJl 


J^Uul) Ig Jant j\ Lfl5 oljXill ^~* 0 y dJUJ^ y^*ll y© 

y* jl iSj^ y® Ifclp J-*24 kJ ^Li £* 2^LJl ©La J->wjJ Jy*aJl 

. 4-Jj^aJl *U*Vl <Jp j-iLil ^UJI 


c-j^B L~U- 0^1 oij-^Vl ^>4 ^jl\ jL^JJ ^jLmJI ^1 (\) 

. jLf?JJ ^y -1 ijlP illjhj . (Mingograph) yb 



: JjVt JUll * 



(r.r.Y) jsLi 

(apples, lemons and cherries) ojLJJ js> JJ £ 

. O^aJl uyu jAj \ Jail 

. <>*j* Jlc Y Jail 

. (<JjLJ| ol^jjj) J 4+XAA Ay^Jl O^Jl oJLl ( JiX f Jai1 
. LJUJI ol^-jjJl (J Oj-ail oJLi ^JJLC t Jail 
. (iJUl lj~^) J4 0 

{j* V [? (apples, lemons and cherries) SjL*Jl 

lift Jij .oljiill 2>Xicj> l^JLU pj Jij UjjiJ5 

. IfU ^ Ja>- J5 JiC olj^3 

TOO 






jj jJlj JjVl J^Vl JjjJl iiL-ilj Ja^Ll jAj Ja^ 

43jA 4 p ,*.. «*4lJ I lO-A a] 3 .»'^j 4jjb ^llll ^J.A«^V 1 

4*jL«JI t. i t ^L^<»11 ^**+* *JU . o^L^aJLj ^ltJ 1 A3^^wJ 

. J* JS' jiaJ jJl S/a!I ^SCc ^ 

: c$f* C$J^^laiLl Uf 

O^lS’ Jai-I (JlA C-^-j ! ^jUl Jai-I ^aj 4>-^ll ^J^iJ <jsJlI JasM —• \ 

^>^4^ L<mXj C Afj ^ +^9 Aj L5 Oj LaJ 1 l^«w0 0 ^^**j l ^ I 

(jw OUjia* jL +mj3 . ^jL-Jl iaiM ^y» 4iijC ^Jll! *ji-l C^- 

<J ^Jl Ajjill oUj-jaJIj . ^cVtj ojLjJI \cV^ S~i^\ 

jUI ^a*j <jw^ <£ywaJl ol>-j4cjl Lot ojj-^>til olj-^Vl 
4>-^il of L)of &?** A (j^' ol^Vl J ^-1 ja 

«ia>-V^ ^laJt J^>«jC {j* AJli iJlA ^J^-f (j-*J . C->j-sa 1I (jw 

1%-Alj (1) ^VJlj (E) o^lIaJI Jlc ^Jl *lj>-Vl <J i>*jil J£-i (ju <jj^ 

olj-^f (z) gj'^'j (r) *i J \J (n) O^Jlj (3) a>ca5Ij (m) 

*lj>-Vl ©Jii Jwaa:)! JJbcJl Uf .(S) ^juiJlj (s) (p) 

^iLliJ ^oli L5 fJaJl JJu>*l!l jlf>o ^ J* 

. Jju ^ 


Uwoj . ^jatf«U Jai-| jAj ! Oj^ail A^jjJ ia^M M Y 

O^aJl jljVI oLJbJU i>-jj jf Jai-I iJlA ^latfT 

^yrj ia^%j .0j^f>A( olj^Vl £> VI V IjiU lii»j Qfi-1) 

Y * * ^1 V * (j-*) J^ , ■* ,, ^^ ^L>JbJi!l ^JoJ 

jhIaj ^JJI ybj (Fundamental) ^Lill tJL a 

^^1-1 oUy j5jC Vj .(Oj-^aJl i=rj^jf) jil i^-jil 

.upf of ^[S Ju k!l VI ixb>J lI 



Oullill JaiLl yb IjiA ; JaJI j iaJwO <0^ Ja^L-l — f 

i*lp Aa*/3i J&ry J^-f oUaJ sy>rj *•£ . ^^pf ^ 

{j* Ja^VI l 3 jJ L^ij . Sjj^>*il olj-s^Vl 

. (Formants) kSjj£c}\ ^Llj ^UVl J <_$f (•— 

oLa~JI rjlA jli t(Amplitude) S>-jit ^LJ^I %Li* JaJwall 015 llj 
oL-JljJI o-Ia ^JU- JIj .Oj^ J5J 4...^:11j i>-^il ^L-Jl Ji£ 
Olj-s^Vl aJU- j 0^5 j ^15j ^LJl Jail-1 Of Ji>-^j tLbJl 

OyiJl O y+p £a iJU i^aJ Ja^-}\J UJli I JLa £*j . jil 
^yJaJl fjLo JOJ-i <ui iiUaJl ^jof 10 a i—.■*■«■* j 

.(0^/S V • •) 6*>uf j>- J-^jj (vi^/i ^ A* * J^) 
o + J,| 0“ ^) jLmJI ( Jp JaiwaJL) ^La® Ji>-^j 

<ju 0 j5j oj^j>J.I A~~J1j Qj^aJl oJL-^ij (Ju, ::: >» p 

Jit j4» i-S'lSO^I olj-^Vi £® L®f . o o + j t + 

. J y y w J^ jA +0 C^* 1^3 lL0<2J 0 “ ^j-® 

JaiwO I £jl!l IOaj ; L LJl oU^jjJl Oki^l Oij^ — t 

. LjI^JLjP 1^*3 iillaJl 0j& ^jOJ a^150>-NI ^ 

4*q>Cj* ISj j 4 Am* +p o JL>-ljj 4 j^3 qIQj Jai-I |Ja j j j la^ J 

isis^i jic vV ^ jLJi ^ jjVi i^Ji uf . jpf Jl 
»UI L»f . (p) *UI Jp iiLJl j>-\ J ^-1* 

C.. o J Ja>" J ^—*» 

obj-jjJl J oUai) 1^«< 'i JULj tOj-^ Lj->s ii»A^ V 

i»\J\ Jiij 0>JI iJUJIj iJUJl i^Jl Jiij . JiJl jt LJUJt 
>( juJl J O* J5t <ui iilkll gjjij 0}r^' 

l^ va»; olj-^Vl jju iLolill JjJli-l 'jS d)f (j-* 

i ij^ JliJl JaiM ^JLJl J L« AjjliLC 

<-Ul LjJj (_^-Ul p..a>.« i l *j^-\ J*€j t(S) a>ca)I (jvLi-l ys J Jj^l 

. (s) t j\-Jl Lj-L j^jJl (1) ^)Ul iJliJl a.m*JI j (p) 


TOV 



^Ut I {jA iiJliJl 4«sd*jJl Lot 

olj-s^t l^f v—...■ *j . OjJlj (3) -ojSJU (e) i)L*il 

aIi^^L* <j\jLJl jjJail-l ^jA AiU I*La aJIjIa 

. oi j-^Vl oJlA (ju aL^LaJI 

A ^-» La JIajj Lj jjjJ Ja>- j^laJj (jwJl^ju IJtA JLaj 

53lj (r) *.IjJIj(E)S^^ 1*I olj-rf»Vl ^ Jic 

.(z) ci'^J (i) 


: jliJl JUll * 







jf- #JU 'jyl Jkz N :i»U — 

J-UJL U* Ij-c 

iji <—ib^ V oljL«Jl ^ja ^Ijjf i*jjV bj-oj JSdJl IjifcjJlCj 

: <y> ^IjjVl »±*j .a?-lj Cjyj> j e^kta [* gjj ja 
< j j* V Oy.A*N uy £JjJ' ( * ) 

gjxj JSdJl Jy>r VjliCj . (pad) j (pat) jJIS ja j^-Vl Oj-^aJl 

^y-oU^I CAyA> l^) (P a 0 4-dl£Jl (J (p) JjVt Oj-aJI (jf bJ 

dl£x?-l (jWlj c . w> 5^a JjVl '.uyyr <>• dj&j 
i—Jlj Uf frLU aJUI ISj£-\ JJ (tlil {j* £jj) ^gjL-l JJj 

dlSb*-l a>-jd Oj-AJ ( _^J jJl) (pad) id£Jl J (p) Oj-^dJ 

. (P at ) 0^ JjJ»f S/i <3jild Ji (pad) jJaj jf (gS i->dJl JJ 

i T |dj Jai-I j a— d —>- i—i^aj ^ dj ill j gla jj 

l$i!Ud (pad)jUf Ja^ (pat) <j *L)I Jic <i~>- 

l £\Sc>-\ Oj_m 3 (J-p Jaj Lf JajLl j Jdill ^ 

. i_iLa>- ( j»jjj jl — 

d* JjVl Oj-aJI tjOjLJl (jjii\j ^Vl ('■^) 

JasU j jjiJl la* j^>j .(sp) spat idS ja JjVlj (b) bat idS 
(sp) d a^^j (^aJl dlSi^'yi (3^ a .a p a>*^j i, m> t \ 

uy cd_»a»S <J ibJbJi id-l j j$>j 1<S 

b—Jl> cA»a>a)l aJla Jl* _ / $k> V_j . (bat) ids’ aJjj (say) idS 
. j» fa»j bjliJlj faa (®P a 0 A.dSJJ 

SjjliJI ^dSLlI tJby> uyjbdl (ju i^l unjl l ^jA (^) 

. (Jk-Jl Jllll (J (b) *bij Jbll tj (p) *bj 

(_j oLJb^) vidliJI JasLl j d'a*j 

.(LLdl j a>yN JkJl 



JjVl jA Oyjb*Jl 0^ (3^'j -Oh?^ o* (*) 

J&U -(Oj (sp) Spat y> J^-Vlj JjVlj (d) j (p) pad ja 
isiJ (jLJl JajLl <J u^JjVl J\j JjiJi 

(p) f ■> & >»« Ja>- Ja~JI SjOaJI ti (s) Jic 

Jju LLJI SjLaJI Jj .iJl^-l IgK <j-Jj <Jj Uj 

• (p) ^>-j ^JbJ 4. ^ : ;l l o-Ia 

t^JLt3( jLJI Ja;Ll <j (JiW* Oh Oaf 

ojUJl J iJL£Jl ijl^ jfj (spat) ja *bf J^tf (pad) iJl£Jl jf <ui Ji>-}bj 
^LJI bO 1 j «/? <^> i ob 1 0 ^ ^ LL «J 1 

I 0^! (J^4^ odl 4.0l^Jl ^jA lLU^J . (j^^-l) 4jJlO 

. (oLJbi Sj^Tj ^-lp) <Jp JJb j».Jal^4 Ja>- 


(t (jujUla jjydail* ^rda>- ^j>~j Ja^-^b (J~*» 0 4$L*?^/L 

4—si_ ~.C (0) ^J-A*Jl ( jp (t) Ic-r -4 (^jJbJl JasM -Ljwj .(0 JaiLl) j 

<>•jil jj j^Li ^-»Jla SJdlij . «i/i \ • * ojlJUL* ajzi L*LS JJ>%sj 

ojLodl i\y>-\ ^jA jy4g£’ 4-^lib| 4ibOJ OjbfluC O^I^-s4>Vl ^ 

. Ui \^ iJliJl J iJui iiU j-UJ ^lj uy, <0*biJl iil_LL 



IvlJUJl JUll * 



(O.r-Y) JSLi 

Jenny gave Peter instructions to follow 5jUdJ 

Y 

r 
i 
0 


. Jgyj. jJll SAjJl 

. LUJI oU-jJ! J SJLJJI - 

• o^ 1 - 




cJLJ (Jenny gave Peter instructions to follow) SjLaJI 

.oUaj^ iS ^ 4>vgJL ® j* ^jyy* 

J ^Jl iujVl 1 »jkUj (jLL^Jl) JjVl jkJI Jir LUJI iyjVl I^kLlj 

4j ^LL ^JJl ^jJl Ow <JjLJ 1 JaiLlj (jiaJl JJLc IgJLL-f 

: JUI (JJjcJI (J o jSJIU* ^jsilaJl ^>-j Ja >-^jj . pUJaJl 

• J J 4—»< j)o $ * (Peter) <ui5^ <j (t) *li)l — \ 

<juil ^ ^ JaiL( <j li„A j-flajj 

Ja>- ^f) jkJLI JJlI j^jJl OjJiLj JaiLlj Jlkijjl 

I ^ la^ix.» * (^j\ laill 

lojf jJj . ^Oj-s^aJl <J SjLp IJlAj . ^jUaiLl 

* m m * 

(Sj 9 ^ b-ip- jli (juj-^Jl <jv j^*l ci <3oh 

#» 

. (JyalaJU LLt 

<S 

. tiJJJl^ li^sM Ja>-}L«<j . i^Sla'.ll ,j <jJajLl ilji _ Y 


— DENES, P.B., and PINSON, E.N.: «The Speech Chain», 1973, Anchor Press, 
New York. 

— LADEFOGED, P.: «A Course in Phonetics», 1975, Harcourt Brace Jovanovich, Inc. 


Y^Y 





Ji J jjuy j-^y 

dr* (*-^. lfi« < o3tx7 ^Jl 4ja...,-..JI ol>jll <L5jl! oU-jll 

IJla <■( yr^ Jl oULqjJI cJ 15 JLSi Ijla oj jlz>- 

IjiA. oL^L^Jl Ij^jju ^1 yc aaUI «>\ c JLmJ N JJUcJl 

^JJl <-\ c JLp- y* JjjI? c^3j y« 0 UU- 4 JI pj> 4JHaij U (wJL>- 

. JojOI l JlA 

tiJliJl <LlUJl ^ylO oULkd 0ylS! IJla y® oIuajJ j 

J-wwj . OjJjc® Jjlfe j aJUUcJI 0 UU- 4 JI oJLf- jlf>- ijS*M 
^ya^j y* yai>Adl 0l£«| y» aJ[ L*Ayu Of U J~laj Jp jlfrA-l I A* 
okJiy bjjJ 015 0? jJj . (Filtering) ^iyJL AJiiljJl ol>yll 
4 jU tSJj>-ij A>y® 1*AP \ ct? i A«5jil A>-jil 0j5o yJl Ob>-jil y« ^yaJL^J 
IA Af-LLa ioljj^5 A>y® iJUl i>yil dJjfc J j>u of U y^*ll y® 

4_>yl I pJLfc Ijjj-^jJj . IjpLJIj l*o:>y y® J5 J (Analogous wave) 
ySOJJ y® 4 JU Jp jJb ctlL* J 4JL^53l 

\jj* JiCj a^L^A-I iij^Jl Jp L® 0l£* <J lyt ilyJ aoI> j^5 ojlj-i 

Aj^ «411 aJ*P cJlyylj . Ajy/jll A>^tl y VI 

iijjJl Jp j>-l 0^5vo J JaSj C.*.*.sAj pj A^-lii® SJL^5 ol>-yo J| Aail>til 
^JL>-| l^A® oJj>-!j J5 Jix laSJl y® taJp L*-*pj Ji iJLf 0 j& LJU 

.a5JI i*rj il l^u O^o ol>yll 

JJb*dt a J»-«j ^yb <jjy£J| jlp- AjiaJl pJLa Jp *lbj 



j£sj . l j lyj Xm iijj olj-s^bU ^yLkJl 

4 JLU Xj»j . 0 jXjj aJLJL^-j <C-bjjJ ^i.lail j^ujJli 

i-iLi5 iili b^ ^ 4 Jail jJl jajj aJUjJI «Jla ( j^Oju ^>-1 jL^>- 

. OjLjJI jiaj jji O^jJjLJbJl 

jlak ^ LSlS^ Ob 4 ijjJiJl ^jJL p b OL®—1 *j Olj^b"b 

^jA jllJl £jJl ( jP fjLw^J . \^A frl^f I^ikl Ij^jLSwa 

ji»cM □ 

(Direct c^yLLJl jj .^Llp j jL$>- *JI IJL^ J>-«jCL«j 

boJtp oUwjll j» ipj^sf ojLc- j>j spectrograph) 
. Ol>wijll sJLa *£-jy> 0 /i A • • * ) • • ♦ j ^j\ jj 

Ol^-fj <u$y? jl^ 4 ^ (^i* 0y>jjSwa) Oj^aJl jJU^jc oU«-ijil eJlA ^jA 
^UjjI jf 1 JLa i^aa i-£LJi b^ 

l*f . lfC« \f~3 \ T bi lc “ ‘*^‘ , Q 

^jyM» bp • L^JLU^ o^LaJI bp p—**4^ Ajld 4 ^*/LJl1I 

*0^^ 11 jl^o^ . a yL*** ju»3^)) SjLaJI c^b^pf bp 
ji pJkL ^laJl JUPj . IJL^Obj ^Jll ^ tf-Li-l o^~ ^biJ 

b^Jj 4 «j —£p obwjlb Qji^all 0_b*i ^Jl ^bjil ^l>yi 

b>A-J ^ i-iLiJl b^ j' »«m1I ^jA b^-Jl bi 4>*j^a 

b J 4 jj-^JL1 aJUI 4^431IjJ 1 A3^3 ^uiji' 

iSj **~f oL >-yA cJjVt ^-4-> 0» by L^uf b^‘bI 

. I J^Aj ''~ 0 j\^yA (^y 


r\i 



ANALYZING FILTERS (1) 



0_t_Y) JSLa 


• J* <J?^' jU*T jb j'+r J** (J^ 1 USrf 

. ^ Y 0>!j ^.ji UJl* ^ Y (^) 

. js^ji v, juji j _ jyj^sai (T) 

•(J^ 1 <>* o# 1 ^1 J o^-k_ JSLi » UJy ^T (r) 

(J 4-Jl jt-f- pU< J1 J^alj oUwjll j-* ^Ji- l£l~< \Y (t) 

l a > N) . J iJ L 4 J j£ l^v* U-L*x* \ Y (©) 

f 1 ^ 1 *&jr jy*i .c/AJUUl Up ^*1* flj>- (1) 

, (JSLiJl ^ ^p) o^ LlU i jy& I 4 .jp U^jJaL U*L* (V) 


oL>-^llj J—UJl ^L-Vl i >-yA iiLJl I jji j**»& JULj 

(f 

j (^>1*^1) \^y ol>jil Jit jj5o U«.»>o 4J5iljiJt 

^aaj olSUj . j^Vt oli ol>-jil IflJbj UiLiJl Jx^t 

Lili ^j^aJl jaII J aJL^ pJ-* j! JS 4Ji$ljlJl oL>-jil 

Ijj+p <J oj^u-i Cm4.xU 1 ol>jii Ut . laij j£-i (J oU-jil 

Y-VO 




L^a-4 a^olaSIj j jjt ^j . LiLiJl £j ji 

^Jl oU-jJL! Sjj-^ IjjjJ JULj . JjVl ((^)) c-^-na!I ^ *Jo.x>- L® 

*. jL L® Ja>-^L jf La . (jJaJU JjJaJl A-S^^il 4>-jil 

J bijJ LjJif Oj^j (Formants) J£Li <J ^L^il *jlA ^la* _ \ 

. iiLiJl <Jpf J bjy U!>Ufj LiUJl JjL-f 

Jii oIpI jiJl oJlaj . ^jJ-l LiUJl j-$JaJ oIpI ji _ Y 

l*^Jl j* ^ ^\ i ( Jj-*ai\ J-^>-b oU-jll 

.<—iiVijf 

^*^f 4 ^^j0j ^LuwJ _r oJL* c^b c^f ~~ ^Lwj 1 c-^b a>-^1I <1— j 15 b| V 

. JiVl ^LJ^i ob oUrjlli cJjy U bj jl^Jl ^ 

__ # 

Dli cj>-lj o y+p (ju AJbljiil ol>-jllj ^j^L^VI I^Ji* — 1 

Jp 4 +0jjK* L^jj-n^ Ajj^j ( j^ w ! CjI^^VI y~S ^&~***\ 

.LilDl 


••^ r j a 

(Spectrograph) ((^yJaJt I^U jlf>- <S >J 

AlP v—Aj^jj cfl^LiaJl jy +ail I jl^- *t: 

tfiS' A^^\^]l aJLjJI Jl£ <, Ij y+P \jj+0 Olj-M^Vl JU V j-$3 ifljjiaJl J 

4>-jjC IfcL U_^>-l SjLaJI JjI ja L(i« JS - 1«— <j cA>-y <J1 cJ^Jl ( _ r J>j j 

Ai)li)l J; ^ Uj SjLJl Jjf ^ v^Jl lP r o- L -^ 

Jlaj jljl^-t >—aijj jf f IJLa jJ s-j . I J&j*>j i*jljJlj 

0j£sj ^Jl <LA5ljZJl oL>-^ilj A^iLwiVI i>-^ll (jv^) JjVl jl^i-l jU s 
Jjj-ot) ( j^iL»»f ^>-yA t # •Xa^'H (_j JjVl £jy*P L^w* 

<jw> JjVl o^i jijLjJr' -*s*f lii* -0^ j 

AjiiljJl 4>-^ll jwraii (_jli)! Ut ^Jj A ft .^gll l^v« (j j&j ^1 0*U^ll 


rA^ 



J JjVl ^ b\ J ^ SjUJl J £JJ AiJViJt r ‘ aJUI ^ <X^' 

• J^' 

dUij . JjVl jlgj-l |».>«.Ma J jliJl jLgJ-l ^;o . <a~ <—al^-l La 
a(j l*i *—*[ j* oljL*Jl a^lpj {j* (jliJl jL$>Jl) <U~jJLj -b 'if AiV 

iJliJt j*iJ SjLaJI SjIpJ l$Jj tojLaJl <Jp L» OLj 

fUf 5 jL*JI jjlaii AiiS’Nl ^ 4jli ^ cr^J • SiJWlj 
Juju cL*>y (Loop) 4il>- <Jp ia^j-i ^Jp l$JL>*~J ^ Jj N 

^jaP 4la.*«ljj JajjJLlt lJUb jjJbj . 4 jIjj 3 ^ ojj^ £-« SjL*Jl <jiaJ 

# , 

«% L^La>- Hjj LjJLp uiJLJ 4jljk^l jjJu ^ (Filter) ^ll UaJ ^jJb 
A^yA O^aJ I A>~ ji, I JL*JJ .(Stylus) (^^11 S^l) ^Ij dlL- 

ifl^Ap jij jJl ®^[ i£j+~i 

• cJJ<wJ*J Ij- (J o^Y' C*J5j . <U*L~jL| 43jjJl ^Jp (jlj£>-l 

. ^la^Jl (JjjAJ-l ^ Uj*- iSj^\ 3j^p (J £»ljlu*Vl Jl>oLj 

<iJj j£ ij&t iijUl .JjjajJI ojl JJU-L Nj plJ N ijl^Ja^Vt iSj>- J^i 

U j>-\ iijjJl Jjf ^y* Ojj| '^naj 4jl jla «*>Vl 

Jbj y*> C-*3 j }I lyAj (J ji^i J>j**-*Jl 

^JUI ^ijil \jji 4I>wJlI ojLjJI jL^Ll ^ j^Zk 4jli 

Aj^ya A>^ll o jjt (J y>%Zjj . aJ^-lj ii-Xp 

OlS 4i\J*A\ jjj; cJjJI ,j-i jj iji[ j i£s~> 

. ^yjJLi-l ( j...>fc>~*j I Jajj-i aj1. 1 l*.xiI ^LaVl JJ ii j£ OjJ^-\ 

\ j\^\ JWw.\ o 

J (<_5M»J' (»—'^'jf t/s^' JJ-^') t/s^' Jr^' jLp- 

jjlp i-.lji (j ^Jao.11 ij^Vl oh J^VI 3-U- jL 

# 

: ^ bUjf *ijj uw jM - ' 

.5Jli)l ^ (AjU JA al^t jt) <—iit JA t.\y~l JAjti — \ 


YAV 



. iii / S ^ *\ , * * * 4 V** <jv Lo olj Jb jl!1 sJs* Y 

|*-**>jJl J ob*i**iJl ^Js* ol>-jil Jif o j&j 

. Jpf J1 oLLJUl 

^yLkJl jJi (J dJbb j-flaJj . A^-j^ JjJl iJUaJl jl JlLo f 

Jb JLi jJl Oj£j I j*& ASllaJl j\Jju Jj5sj L»Xa3 4 >jJl ^lj~» jIJLajC 

J-lc* ^joj SlUl olj-Jl Ji iiUaJl jlJLLi Ji (Jij alj-Jl 

Oj^aJl eJLi 

• Ifl 1 i I ijj ^Ifl«11 1 o j*a) I flL I 

(Spectrogram jJl ojj <j-* <4i-ii> (jciljla^L 

•W^ j* t-*l:£ j £ 3 j .paper) 

Oj Jli _ ^LLjVl — Ajf 4 ^LLjVl ^ ^*Ap OmmJJ 

aJU-jJ p-fcfj — o^J>JL! (Band) { Jj^i\ — JJL>*Jl ci^ JW^ 

(jvjJl^la^Vl ^ £liJjl <1)15 -bi* QAj . <i>/iA % ** bii ^ % dr® 

0 j£j jf <jo L* Vj . <i>/i \ * * * p-M»jil J JiC oU^j A 

. ju^Jl jf jJwaJl l/* Ailj!a**Vl 

^ji-sAil ot vl~>- ii!Ap ji ^jCjljJa-^Vl (jo JjAJl 

V—iijL 1 Uf 4 oJ^lj AjL ftjL^J f 

. aJU ja JS\ 1-fik i J_ /* ■• —! 

. iJliJl j* t-j»]f Jl f yfc ; 

' ^' 1 c3^* (J„jl Ox 4 JI Jp -Xa-JI 4 J 

. Aidflj aS tjJc^wj ^JJI 



a KHZ 


M II I II I II I I M I I I I II I M I I I I I I II M II I 

TIMING MARKERS AT .OS SECOND INTERVALE 


4 KHZ 




(Y-t-Y) ^ 

«jUa^ AlLII JUj . jL-Jl ja j 5f-i <S*'^ 

Jii iiL-Llj { J^ ^aj jLJl Jp ol-LUl .aJ^I ^ d 


:oU-jllj oLJuJDl — UU 

* * s? 

.L-wjIpjJji (Linear) LJa>- L*Lj j oLjIjJlII 

AjS l - Ap l«/3 1 ^> L a) 1 4 ^yy»J»X3l ^a»La 4 LtoUi-X^ -XlP 

aJ^Aj j j£j kLj/s T* * iiL-Ili tiiLJLI <_ApLa^ oLJuJUl ^jlp 

c-ailm? 0 \L>/i Y • * Jw jJl iiL-ilj ^ * * Jw dJULj jUuf 

. iilll iiLw# 

AjjL-JU 0AdLwJil Oli ^^JujlpjJLII L«f 

v^»/i ^ * * iu-il iiLAl cJlS' jii iJlij . j^ScJl ol^JU-» <u*a) j ^JLrJI 
T + t + Y ^^LaHj 0 j& <1~> / j IT* 1 oLi juJUL* Y 

. A = Y x Y x Y Oj£z+* l^L$ ^^jIp^JDI ^LJjU L*f . ^ 

t&’rj <y* c5^) a>-^L i j J-4 -r^w ^iJl jA 

s^1j-L*UI iJP jjw 4 jI$ ^iaiM ^j^LaLI L®t . ( ***^ ^jlaJ 

. /ill ^ jkll 

rw 



(r-i-T) 

Jl of ^ (JiJl JS-UI) jLJl Jfi jjl i»>5M Os ^uJl ot Jt*X J^ 1 ) J+* 

O—iijl J*i J*-J* J* ijp ■K^ 1 Os 



YV 


[4 KHZ 







l fyxjjjj J iiUaJl of UjSi d)^ (_j 

y**-> (_|^- (j C->l>-^ll Qjy pUalil IJp jjp 

^ lAe- ijj #*.it ol^sVl Jj Jj t ol£jJ-l Jj . ^oUy 
*r—?- je- IS y>- JS . oU-ly Lp-j J-AdJ (J oU-^il 

: JUI J£jl)I J ^ ^ ^yJJl ^l Jp r >l «JL* 0&. 



(i-t-Y) J*A 

(heed, hid, had, head, hod, hawed, hood, and who’d) i c A t. Ktl (*-* J 

olS’ jmJD ^aJall (*— jJl Oii (3y»Jl ii*-V 

rv> 





















j il^ ®J^’ 

! (AjjUajjJl 4^1'!) AjjJb^jVl 4jJJl iJUl oLISJl j oJ^-^il 

hood (V) hawed (*\) hod (0) had (t) head (f) hid (Y)heed(\) 
Z>-y (_j£jJl Jj . Jy«Jl! jL—Jl j* >—aJaJl <j kZ y> who’d (A) 

. i^tJl J14_.liM ja oUKJl 4. j bfji Ji-Jl U . JjVl oU£Jl 

. a jjb J j>*\ J ^y^y. j jla'j 

* * * 

. f *ya l^>a AAj lia J1^*11 A mhJ L La f 

SjL«U j*—j (Ji U*J .V-Ut J ^'^“1 o^* 

She came back and started again. : 



(o.UY) JO 


(She came back and started again) SajJUu^ll i jLaJl! ^—« j 


■ (Ji U* Jl (J* #jL*Jl jj 

li/" 4 -j iillaJl gjjj . f _£\£l>-\ Oj-^j jAj (jj-iJl Cjy*a _ ^ 

•Aij .(^fjJl jLJl Jail-1 _Jkif) . d^/iYd** 

.(^Vl JaiLl) aJUI ^ -7777- Jl -7777- y* 44k; Jjii-I 

# , 

^jSIj-Lp <US iilkll ^jjjj Uajl Oj-^> jJkj Jc-Jl _ Y 


YVY 












jo* 4 ilaj (j jku* 1 Jij . *1 • • • fj-j <£ 3 j 

.(>Vl JJ-I) oli)l y, Ji 

ol_^Vl J Jiyjjl ^jyJI Oii J>JI «!■»-*<• - r 

Jl -7777- a 4 totfyJ-l J (^ J 5 w J t^t) (Jidl 
ootllj (She) J (juiJl Jju yJl iLylaJl 5 y~^Jl iJlllI y« — 

. iJldl ^ -d— y> (came) j (C) ol^Jl JOc iJUll 

. jc. Jlji* JS On jjy J-^dJ 

a- "Trfr Jl ~T 777 ~ On Ir^' j ^ (m) ((*) Oj-^aJl - t 

: ^ olS'yU ^y>- £y0j J C ...-. I }yj ia^Ktj iJli)l 

vl»/iTV«* Jl To• * ja <*yj 6/i»" Jl ye y **'y 

.i ♦ ♦ * Jl T* * * y* 

J>* - t -I777- On «r^' J jlaJ (n) (0) (^Vl Cy-^Jl — 0 

Jl To* • y* Oj/S o* • Jl yufi 'ja ^y Lad -uij.LliJl 
J 0 D-i£ j»—>^JI J h>*y>\j ji’ 'jp iJbJl Uf . TVo * 

.(i»/Si*** JIT'o** ijJ*- 

J* J *0 fj^*l (j-OJ Vj ojL*JI y >0 J (n) (j) (_^Vl Cy*aJl — "I 

. (jCAiLJl Ojdlj |*Jl J <uaiV l 

y*j ( 4 jjl>»A»'yi 4 s xiL»«j'yi) 4-aiyJl olj-^sVl y» jJIp SjLJI J _ V 
r*> (started) J Lldlj Jj^l «-ldlj (back) <jj (came) J 
JJ \y Jp ^laJ oliiyJl oJLj .again (ii y&LJl) Sy>- 

t 77-7 On I-0* . yiSyJl y£LJl Jj yJl iSyA-l 

back J ( 5 >ci)l) i£J~\ Jmj (came J <_»l£)l) Lli)l y» - 7 77 ■ 

On started J 0 >*dt J*»j y« —--j —-- fjv dJJjj 

started J (S^—SOI) SSy 1-1 Jj> Lli)l y» - 7 777 j ■ 7*7 

• V" 1 0 r* TTT -> — ^ 


tvt 



t (intonation) j ,y> o.sLc—'ifl jZLc 

^»jJl lai~\ ,_^P o UJ l ^Ip <Jp J y^-\ 

.JUI J£DI J £j\f 


TVPI B/0B •OMAORA* • 


M. £ 


450 

400 

350 

300 





SCALE MAGNIFICATION SHOWING PITCH CURVE 

(1 -t-T) J*.i 

Jj-.dJl fiji-L p— Ijj Oj -^4 


<*—^£«Ul ji w wuil Jail-1 I JLa 

(jyfcJL! jU*Jl ^a Ja^Jai-l l*f . iJlill <J oLJLJJl ^jlp j 

^jJl j-5 Jij . 5_Jiil^i)l oL>-ji( ja i yJci\ J£jJl Jii 

Jaftlll Uf . ^.*^1 ( ^X ) — aJs^iIjj _ 

I ^1 y+M j^\ C**»^ o^I3 Ul ^^3 Ja^Ja^*l l^J ^JaJsJj 

4^JcJl oNli-t ©JLa <Jj • 

oli t Oj-sgJJ <*5^11 ^LiVl ^jj olS' lij 

j ^>wJl ^LpiVl OjLaJI i*JU iiJbjJ (^jlll lI^-IJI 

. JAJI J5wJl 


YVt 


iw 



: oUaJI jlJLi- - till* 

yt jjJl iSUaJl jlJi» (Jp (Amplitude) o-^ll ^L-Jl JUIaj 

ij . (3^*" lc^ ^Jp £LjI 

^ LJl l y& ij—«f jAj) jJL*Jl -Up ^ J—o.«.~...j (j»Li3l 

jl-Ui« A^-jil ^Ujjl J o^^-Vl j^iaj (Jj 

Jlij . JiU-UP Jij ^Ujj'ifl abjl ^ ilj-Jl jbjJ Aj Q-o-*j (^JJl ilj-Jl 
^yLlaJl j}\ ilj—Jl A>-ji (j <JjiJl ila>-^b UL^-t <Jl ^ 0j£j 

a L ^JI tjjtj (3 jA Jl IJL#. aL-^j jL^^I ijj jlas UUj . 

;JbJl JSwJl j t (Contour) ol^Jcll Ja-^- ^ 


TWI •/• B ■ONAONAU • NAT IIIMITliei CO. NNI MOON. N. A 


CONTOUR DISPLAY (edB DIFFERENCE PER SHADING LEVEL) 

(V-t-T) 

^)Ja)l j ‘—’I 1 **^ 
ilj-Jl J JS SaljJ • JjA; 


(juJl jf) ^L«Jl c-»l jJc* J x^- (ju LaJ» Pj ULa Jlc 

<j^jp ilj-Jlj (_£jjjjl jl Jfr ... I' ^A Aj^U 0*1 I j Jc d l O-lAj 


YVO 




* * 

<X>~^ jJ lc^> Swlpli ^P Ij^ ^ oP Ua>- h.o.^j 0> 

eii £* iSy^ til y ^tj—Jl Lili 

Jb JL*» ^A**J i 0^ . ^^<jJ ! JaJ-1 jLw yi ^P 

. 4-JlkiJ 15*>L$i->l LiiljJl oU-jil ^UVl l>-y Jic -oV 

^JJLC Jjail J5 CJ15 lij . ^j^"Vl JalJt <J <— ]k^*% \^ 

* 

6<X& ^ Ji) AillaJl ji J bt A ,ilj-**Jl 4 >-j^ <jl$ 4^X3l^j AP^yA ^y* 

O 4 

•.*ASy^\ O 

! ^Ul j IaI^j olp-jll ^LjI ( j^Li! ^j>-\ i2jjlx> jLji-l $jj 



MOW MANY 

STANDARD MCTIONKR DISPLAY WVKRTS FRSOUINCY 


(A-t-Y) J*Li 

oiV j (f) °p—jM J 

^1 Ji^Jl JUJ r ^Jl J-J Ut ( j) 

4 jj>wJl aJUp . (Sectioning) 4 aj^ k)i djl* 

:JUI > 

^jA 4 [py+jZ (OjO ^LJl L ^Jl 4jjjla«^L *X>-y£ 

<Xt Jj LaJUpj . (iJtiil y» f * 0 JjLC) ijjLbba OliL-jC ^j/3 *Jt ( jp 1^.^7A> JjcJ 


YVl 




Li JOc* of d L lp oL t L» a La Si J JJUdl ^?j* ojL*J! » 

4-JLk^j ^luiil j*J 4 aIoaJI oJlA Jj5 v — »A t il J Ijji-M? 

. I J^A jLjJ^-l Jo-*^5 C «*> tf * ' t 


t Jjl* ui*—* Ji p—'jJl ^jj jLfA-l p -«» 4 z 
jjJaj ojj^il iJj^aJl oLLaJI cJlS* llj . SjLaJJ ^yLlaJl J5LiJt jJ Ji~Jl 
<J jjLcJ V oJa cJlS' llj LiL>4 iiJLJlj iJlillj JjVl J 

3 jy* uLJ J&i ^jJl iijj JjLJI i. a*/7\ 11 j^i Ua*jJ 

.U UK 


. 4>jll ^UJjl <-tota>-l <1)LJ ^ iijjJl Lr 4 t£jL*Jl *jJL| L#f 

jU IAa Jpj . J1 ^UJj^/I yii JjLJI j£-iJl Jj 

J aLaj JjL*! JjLSJ ^yliLl J 4lad> Jpf 

. jJl J 4Jai Jpf JjUj ^LaJj^l J 4laii) Ji**fj 

j^-jJl *1y-L ^jjj-^aJl ya Oj& tOVLLl ^ya*j Jj 

4 JU-I o.La Jj . (^^]l 45JJ Y (^f) i/i i • • • <Jj5 0J& ^yLkJl 

(^ - t - Y J^-i) • JLJl j>Jl J* <yJaJl j*-**jLl IjJ^ ^UJjVl j^j 

jj . jJl 45 jj v tf./ai yo ^5t JJc-mJ ^ L..^-> 0 SjLjJI 0 j5o 
<y l^U-y J5 o 4 JL 4 I 5 jLmJI Jp ojlyJJ oLiaJl 5jj-^aJl jjla:» jLg-A-t J^aj 

o*Jl ^ .y*?} (*—jJ' a»jj j* JUI *j^-' • J-*f Ji 

^y ^ 6 c ^ t 0) ^-Jj4j 4j^j jj^Jj 0jL*Jl Jjf L>!J iS j ^4la2*ll ^jv 

fi 

frj^-l J L*3 (j Oj^aJl Oj^j *Jl .■.■>!■) ; J^>u.^ll 45 jj j 1 Jj j (iJliJl ^4 SiL 

4jJ>«Jl jU—4 ^*^jj Oj-^aJl aJU 4 J&L OyVJ . 45jj I 

ol^jll ^liJjl jJ jl^Jj-l jlJbj . J.»t.i^7ll aJU JLaj vjJlill < w%Sll I J 

!%•**jJlj ^LaJj'i/l i^-^j <jf La Ja>-^L • SjLwJl ^ja I-La J 4^i5ljlll 


TVV 



iJU-l <J C-jfj ©L^Nt <j jlj^u ^yi J a J l 

> kS « ' l c5*^'V (*"*0 ©jj^£ l5j • 

. (4j J^llI c l »p^ ^d«Ull 



•iwfmnmor mctkmcm pucii iamum at Aorroai 


(l-t-Y) J£ft 

lJl/b .Li ©jL*Jl <J ^jjJl Sjj-,aJI ©JAj . 5 jLaJ| Jjl* <Jp 

^LjMI ^J £-Ui© ©j^jj Ui*^ (J1 ^JJ f-S~***i 

. iijji\ JjL-I J 4>*r^' O• (Amplitude display) 




O 

. (Is Pat sad, or mad?) SjLJl jLi-t jlwj JUl JSLiJl J 




I_1 I I i I I I I I 1 I I i i i i i I I I 

msec 0 100 200 300 400 500 600 700 800 900 1000 1100 1 200 1300 1400 1 500 1600 1 700 1 000 1900 


(tt.l-T) JSLi 

£—HjJl JUwT.^Ij (Is Pat sad or mad?) SjL*U JJj£ 

(cM *>Ll) f l>Mj 


J&iJl jLw {j* obi* ill ^LJl Jai-I of Ik 

(jjiJlj .Lit JjUou (^ybVl) Ja>- of \ C S' JuJU-i J ((JA-Jl 
Jlill i^LJj . jll ^jup jjb 

c3 ff*f ^Jp <—aJ|j ^j-4 0JiiLil 

oi-A ^4 lilj t laAl C->1>*^4 ^ «.* Q. 1 oi n « *4<1 J3 ^J a^ VI 

<4 y^t oU-^il oli (_£jJUJl <J L#f . LfcJu ^Jl ^jp aJLaaX* 




I*XA 3a>- ci { J^ 9 * ? 1 $ »S* n J l a 1"* ^ 0^31 

1 ^*^*$ a ^ AwJ I ^^ ^ 0 * * 3 iaJ 1 •Xt+fi' ^jw taXi ^AwJI 1 $ 

l«f . ^*** 4 V* tV*V* tdD« tt** tT** 4 Y** 4 ^** 

4 ^* 4 A* tV* 4 * 1 * 4$* 4 1 * 4 ^* oL-LJJl (jw JJb ^jJjJI JSLiJi 
JjVI ^jjt 1 Jij . i>-j* \ • * ci^ t ^ * * * N ♦ * 

J^mslH plj^-i p-^j ij*~iJ (Wide band) pl^U-* p—j 

olS^Ul J pjJ-l 3 JLp i*yw J £**4 jJ| pl^J-l ^ ^Uiwj .(Narrowband) 
O ^ L a lfcw^s ^jwaJl pl^i-L |*-**jJl L»f . ^^Slj^JLI 4.^^‘JL aUaJl 

Ja>- - j ( ^ _ fc - Y) <jj . Cjj^a Jl 4 j>-j 3 J Ol ^JcJl iyLu 

^ 0 * UjJ^ 4j JlO ^jA fjLJ ^Aj .SjJiUl 4*Ji$l^i!l isp^lt jLw« JbJL>«lJ JUL 

* j*-*0 <y*j £** 

<_£>■ 33jJl Ja^Jb pj . ^ \ * * i>-jjJl CJl5 T* * JLlPj 

J jl>-f 4jfj ^ * « • 33 yi\ jf *\ * * J^ajjl JlPj 1 * * JUP A * 1 

\T* • ilaii JLPJ 4^/3 Y0* J| V * ^ J-^j ^ 

.4^/3 W** * 33jl 5 

(jl j-N^J Cp^" ®d-^j la * A 4^3/i ^ t • • / \0** •AiP jLs^J 

(j ^jJl -l^ (J^ i>-j 3 £r-^J • Mo • Jup 4^/3 0 * • 

. SjLaJU J^JiJl (jyd jt Id^c J^^aJl plj^-l 


— DENES, P.B., and PINSON, E.N.: «The Speech Chains, 1973, Anchor Press, 
New York. 

— LADEFOGED, P.: «A Course in Phonetics», 1975, Harcourt Brace Jovanovich, Inc. 

— K 19. 


YA # 




aaba:ka 











r—> ctf itr*r r f T r f « r - J *° irn r if »r^ 

r*f (x -»--vv) 
















t oLa (ji J^S t olS"^>JU Al^lj^ <J t O^-Lj (jf jJ^-J 

iJllajjJl AjjJl>ijNt ^yJLScU -X^-lj ^jiaj JiC vjjLS^ jli 

oIS' j>JJ ^JlSj 4JUI A-xljjJl <jj . AjIj C^j>“L t ^ Y Y 

L—,a>wi i-jLa kwJjlij }JS> 1^*3 p-AL* -ltf3 tliUaj 

JJU*J ^a.Ja .11 ^JJUuJl jlp- U?* ^>^*1 1^5 

.(Formants) Ji ol5^i-l 

* 

i-X>-lj £- 1 x 1 * oli 4 A^ljJiU ijVl oUL^Jl Cjji&A Jij 

(T) heed, hid, head, had, hod, hawed, hood, who’d, hud and heard 

.(i:, i, e, E, c , 3 , v , u, a, d) ^1 ^aJ 

<j Oj 15^ Lj^f (d) ^jfTLJl oJaj * 1 >-j (h) *i3j 

. JcAj ia-^j 

# # 

Y'Y' tLSj^f (jytw/j <l*i ^J,p oLl£)l oJla oJufj 

^J-3 j^P ill IjJLSO ^ «/i*t jlSj . ^Aii? lO j efj^ol YAj 

LJIjJLp Lj y oLl£Jl v_-J Ji olpj, uJUg p-J . oJboit ol/VjJLl ^j^-a 


0 ) 

Gordon E. PETERSON and Harold L. BARNEY: Control Methods used 
in a Study of the Vowels. Journal of the Acoustic Society of America, Vol. 24 
(1952), pp. 175-84. 

1^1 ^—J^/lj <i£j JJ J-f jMj (in good) u yJ\j ^Jl *£j> JL) j* v yj\ (Y) 

.iJllajjJl 1 <J u: J^jJL 0 jj* L* 


YAt 



Uxt jJi ^ 6 Y OwJl CJlSj . o jA <J l^JL^Jj ^jyjA 

. oUJ5 ^ * Lf^a 

4JL4-PJ jU>-I < jL ^p U 0I1JL4-P aJ^ j-iVl 0JUb ^ j^j 

■j^ 

\ ^u-i\ jU>-\ ^ \ ^ 

# 

^jl>-J <j c Jx43 JU-jJI ^y» cLA>«-i V <—JLU 

. aJL*«p j Ijy? YY olS^j. ol^s^l>»il olpli 

.jjJa-^ SjJLp a>*a-^? J£oj 4>Jl* OjjJLp Lj- <L*IjSj ^li jt-fU J5 ^^lapfj 
_/-I>-lj .Jx^i J5 J-P iU^ll jJLxll oLJl£Jl C*. ^ jJa-^ <Jj 
^ t j aL^JIj JU-^1 {ja J£J i]p jJif A Ux j-i Y • — LSIj-i^p — 

iU£Jl jLl>-N jia^ JSj ix jjJ A>«jL^ J5 vJ^Xs<x>*j . JUl?MliI?j-if 
JaJcs^j ^Jgyjo V» L^pLw<I jlij juj 

oy 4 ^ ^il l-01 ^jA - Oj-naJI 

0^3 ^ 4 f jjI>»-j {£ 

JjVl ixjJjl Y* jjl>«ju N <_£^>-fj ^•■ l S’ ^ja 

^JlU JjVl <JSS\ . ^jVl i>«jL^aJl JUjc^. 1 ^yc»LJl 

^jA ^Jxw» ^>Up A*jL*J 1 ^ l 4 fc *» n *> «XjP^ . j lxwJ 1 o LJ L^ l ^ « la » ** 

4>uL^ll Ojjv^LJI Jjoj ^li)l JxjJLlI . Ijl^Iaj jliJl jJxJl oLJLS” 

* «4 I 4 ^^*^ 4>%A+j2}\ ^ 1jAa 3 oLjLll 

jl^ lij . .Mill Jm3 ^jA (^wlil OUKJl (b JjP 4 1 

*LJI aJ^'^p^i f ^4 aajj! ^a!^^.aiI 1 l^J| vmJ»L d3 Ux ^*4 ^ Y ^yUl 

w^lJL>- ^j„t mmj «xxp I. aJL a.i.m.L>- l >_ -*■ «4«^^ JIjflJL?1 f ^jA oLI j 

IbjJL^f ^Jl ^l5o-Vl s 1 *wa^tj 4oL*<I^^Jl C...*.^* jJ . itjJiVl £^*****1 

jf JL>-j |^5 . aJU- L^sAIajj j^ai\ ^JjLIx J^-ji jj-*-*LJ! 

jj^ Ij jla. ^ |*-^f (_$f) O^U-I jin; (j UL^>-f ij j-Uoj jl (jv^LJl 

dJlA ^ g fcl a . a» ^JLP iJlA C" "< J 3 ^ . ^ ‘ Jlp 

,oU53l 


YAt 



; m*'I jLi>l □ 
: r l^Vl 

Oy^LJl (jliJl of . S^OY SjJoJl <y» 

dr^ 3 J1 <j* ^^4 &\S &I £>> <J* J us*r*^ 

OjJ^LJl ^^f (i) iS*yM Ifci {juTbflj Ailil ol^ll 

(a-) Iff £*^f -Li* (a-) iSj>JJ a^oJL bf .5 jA \ tY (i) Iff 

4 (jUl <3,J • 1^-pLa-^ \Z~>\jA ^jA Ja43 ^>»i 

1^5 ijWlj JjVl ifj^^lJl i>-ji Uw> 55^>- J5 ^JiC JaU Ojc^j 

J^j (^ • J* J* ol y> ^ J4 £^jj 

*>Lt£ I j-A y* ^JtJl ^Ul J^-iJl jl5j . J^Ja>«j JaSilt eJlA 

(j lc^ ^ IV O J Ol5^i-l Aa la A J Jj>- JUb ^jJJt J^JLU 

:(U 0 .Y) jcai 



(^ - 0 - Y) J5U 

ajUIj JjVi ip-j-J a-^ls iijj jjp y ukL* 

JbJL£ jt Ja>-^jj ol5 j^\ * * la - * y* aSj>- JS y> oU-L-il ,jw — \ 

I ^\P v aIi^ yJUJlP ilyt jjai JiC l^t 4 ,..^ (Jaiu N) ol?-L-jC olSyi-l JjT 

• (*«-^ 

^» — I I ij IjjJ^tfi ^jjJl ( _^UwVl jJLa Jic i>-L_» J^J sjjUJlI plijVl — T 

. o-Lil l+lic jJl if/U Jp v**-* <us ^ f 


TAO 



; tkflLlj \^ai\ o>l jA iJlP 

(f 

o>l jA o j£j IJLf-j Ud>ul V* o jA \oY iSj>- JS' oJb»w 

olj^ <ui OujJ>j t JUI p —-J ^ ♦ *\ £ * IgJp 

4— ^j^" 4<> m* « I L tiaiM ^^^1 0*1 jAj l 

jp ij^ai j^i u .jjscii u^ijf oas>i ^\j\ ^ji jp ij^ai 
. l$* 4 ^ 4jf ^LJl ^Jl 0 IS^i-l Jj-ii-i <3 ^ybVl Jai-I 


(!-«. T) JjoA-l 





j^Ul Ifip ^ 1 / aS>I 
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45^- 4a1i^ Oj^ Dai-I i^lj-uaJl 4~*u d)f 

Oul5 (i:) iSj£-\ ^P jf Jliil <Jp JL>wOj . (£j?-\ 

oJlS' (e) l^f oJi ji\j t Outs' Mi (i) l^f ojJi jJl flS^Vl l.f ^ • Y1V 
JL5i (4.) iS^JJ iLoJL lib£ olS' yiVl . T <■■ * j\S (Ok) c « * ■ W ^Ij ^ 

m (a) \+[j > * >r (d) L^f ^ uij Am fis^Vi cjis - 

.oJ^lj s r (i) l^fj ol r V (3:) l^fj ^ H (S) l^j v n (v) i^fj 




ob>A IJLa < —*.++ * j 

. l£j IjJJjj jl 


s? oiai\ (>f) 

^yLlaJl JJUcJlj ^jlp- (Calibration) la..^; ^li 

^J-P oLp aJLaJI oJlj- . la.>^all Aj 4 j jia <-l3j 

J5 l^Uw ^jjJl o L JL£J 1 L^pIlwo O* * «« . > 

J53 Jty tjjyl JL^L) «-^3^ • 1 JpL*^ ^jA 

<j 4jf Jap-jJ Jij . i#^U <j (Principal component) <1)^5^ 

( ' ) cr -tL-Vl J oU-^il ^3^ <Jl>- 

JlS*) tiLli <Jj& Oj-saJI J tlaSU is^y oU (Symmetrically) gpLJL 
j£ij .(Y-O-Y J£*i J* f) (hud iJ£JI J (a) iS^ iJbJl i^U dUS 
Aw^^lSl 4aJ^-\ tia^L-l LmJ oL® ^%P 1 0^ L* i^| 

(j oli^Ul Lf^rlj cJlSj .(heard i-J^Jl J JjVi 

if 

i^jA l^i dj& c/yU-l J UIp 

Jvjj Lp^j ^.. —*J 1 ^jA o^»j d^.> a-JIp ^4»L^Vl 

*A1p 0 ja^L-JI 1^*3 ^ij ^Jl *Ua>-Vl ^^a*j <j jj* I JL* Oj^i -l5j . 

. 4ja,.*»ljj olS'^i-1 

. ■■.;jJL| 4^jM 4^jJ J-P frllj JlA3 AJjj^iSI iaji-l ^L-Jl Uf 

jiJl vi*>Jb£ ol£ ^LJl ^*Li iJL>- Ajf IJ-A i£*aj 

. i*lp AA^J pL-JNI (J 


^Jl <uAi1jiil ol>-^Jfct i>-oJlAj . <4j >-^ fj jll O^IL a^Aail (^) 

SaLj JLpLj Lj-li ^'js^Vl L«1 . u> ^ j 


YAV 




(T-O-T) JSLi 

If- i*iSh> ^)l ob ji II 4*SU) i...‘.Hi ‘-llbj ob-jll j ^;hll JJwtU j 

ol-tf-L-il 


ii-b Oyj^ 

J $I <Jp 

i*J5 J5 (J o!5l^- C.~» <jJl JjiaJl ci^Jl UbrtJ 

.(i:) lfk-<j J J>-jj jjJl (heed) iJKJl <Jp £Lk« 


YAA 






Fy of first calling (H*) 


( r-*_Y) JSLi 

JjVl 4»>! Obv 

i-JWl J ( l:) j 

t^aw tA <3^* lc^ 


J5 J5s-l)l J iaiJl . (jyofYA ^ J5 oOf- jiaJ 

(jJaj Xp (J J,jVl 4>-j} . oliUUl <daiJ 

Ltt jkJI J i->l 4^p colj /gu ltik> XJ> o~J pi %\ iJS3l 
CJ15 lijj c ^ksil jS> JaiLl ji aIiaJI C-jw^j tSfjf JiJl <J lp£ 
O^UM j Ut . iasLl IJLa <LiJt C-jw^j Jit (jlili JaOl J 
^J*Jl ^Ja dll <S**£ J aIx-aOI > 0^ 

(jy <j JJl -U-^ y* jt Jj>- j Jij . ^Lili <J U LU>- syrj cj Ji3 c JLJl jf 
. sia/SW,Y 015 jlp LjUj JaJl J iaj-l 

4,^-i'U aJ L ojOI oJLa oJLpfj .^ \o JjOill ^^yr.«AI j^p 
iUUil oLJl p-^»jJl <j JaiJl ^Jp Ji ijJS J5 J iiJWlj oliJl iayJU 
Laj-sa^ ^jl>- 0-*ij > >A Lp-j 4^1 sj8jYTA % ^j 5 - ^ i. U 

ill>- AA jt S^JjCL* ol jA 4a>-IjJCj , QlaJadlll OUai'l 

^JLaJ jf oUKJl ijijJo JLp it£)l <J tla>- jf ^Ull <J Qa>- C->5 

J C5^' J^t > (Sectioning) aLa) C . ; ni 

oVU-l Uf .Ly Vo^Jl r >l Jp jjUll ^Ul jjSb J*>lr I 

YA^ 



015 iS*j>wl) iJliil Ojil <3 JLScll of 0^ Jii3 i 53131 

a f 

. N j\ 4ikJ jp Lilli- 

^jlaj jju <3 jk .!l tl)f c y-\ JjkJl j\j& ^JLiS Jij 

55^>i-U jiaj ^ju (3 y^\ ^y> J^ uy s* s* 

i J->~3 ^>»3 la > ji)l l3u«P «Ai$ I 3ij . I g *m<i > 

jJ I ^^31 ^ ^t L > a tl 1 L^^%*>V' i ^|p 

*3^!J J>j^ c/ 4 <J^ <3 <5j*Jl J. : .>m.^> pJ Jij . jJjLJI JSwJl (J 

^ JS' jk; 55^- JS' J J& Jii~« J k* iJliJlj 

J# 

^yLkJl JJUdl ^jbo <jy 1 ^U *j IjbJLi 4-jJl jlS* lij . (jy^Jlj 41. JI 

IAa L»^p! XJei JJ L(- ,j]aj *£y>- J£J ^liJlj JjVl jlaJJ 

. JJL>uJl 1 Jla iia Jp }Ua 

^j!Lc J qju 1^- cijl>-kwo Jj£ (Y — o _ Y) (3 

. s^\£jj^\ 4dk< k*~«iI | ^»jjl ^3*1 

L Uaj jJ ut lL~>- ^Uil 43^ ^JlP V kJU N oL>-Lw» 3 j^>-j ( j5vJj 

(^fj' ^“* J*) Jj^' (i^ J^d lS-^' pi^l 

uyJ ^Jl fc-Lil JaMa iku JJ <'>UiJI i«>» 4*J> J* Jjb jiJi 
J5Li j JS' jtL. c*-j (t-e-T) JUI J^iJl Jj .«> JJ 

Jij . aJ^sJL) (jyc» jjlau l^ J5* JJLC la^J 4jj>-|jbj ^jU^j 

J oJLaj CJl5 ^Jl oVU-l jj^ n '\ oJL^ 

Cj* */ ^ C$^ ^ 0>.X ^ mZmM I Jjt3 . fj£j\*jl~}\ 

.JyoiScll jki 


y\ Ja>- V^' J1 J-i ikiJl Ja>JJ j\ja Ia>- .y lj^ p> (\) 

• JjVl 31 J-^v cr - ^' 3lf* k ,,, flt <1*^ y 
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frequency of F- (Hz) 


(i. o_ T) JSLi 

lj- j}aj oUJLSsJl j j1aS\ olS' ji -1 j <JjVl 4^4>-(jv ijjli* 

. 4-JltJl O-ji ,jw jL-Jl (Jp ^iJl jJl Jail—1 \ 

. 4-l^KiJ! ojj-l 4.>-jj Oi?d V ^ JaJ-1 _ T 

oLS'jJ-I ol >ji iikli Jii SjJjJI ajjUlJI JbLiVl — f 

.lr ^ULl ^jUJl J5wJl J^b ^ JS ^ Jij .»jJjJI 

*vn p-AjJipj ob>l .i*. oatUl Jti ijUJi JbLiVi J^b jJi J*sJl _ t 

4jli JaiJi eJ-fc <iil ijJfljj . AjjUsuJI £jl>- 1ojL)\ _ 0 

.ob>I jkJ U> Jii UjUpI l«W ^ 

-b4 jl* (u) 45^1 jt Jp Jj; jUJi ^ JJJl ^jUaJl J£jJI J iki; JuL-t : Jtu 

<>■J-L| l$J JjVl MjA'I sl>/i 06* JlJ>- l^jjlb 4 ^-jJj A-Jlsji I 4 J JyikUl 

* 

.Ljj£ ii>/i To* 


T4> 




frequency of F y (Hz) 

(o.o. Y) J£i 

oUKlI j uJJij JU-l,. jiai jll otf>I j iJdlj JjVl (>M *>rj3 jw iijtiu 

j jwLJ I (Uj«o) £^t ^ 

j l*U Jit ijUJl JlSLiVl Ja-Io JafcJI jO, .JjUl jh-jJI olwly ,jJi ^)\ lil 
^UJI f+6*- otf ^Jl c-UKJl j JU^JI jLJ Jli l^V J*UI JSLUl 

ll yp I 4 JL 0 


jloL* (ju J>-l-U *yrj j 

<,>£? 4 JU (3) iS.( 3 , 4 .) Juj (v,u) CxtJ (v,9) O^J (e,3) 

{_<&* 4 4iJllll 4*4 ^^'Ij Ip I Qw«J t 

olS^i-l (J idlill io^A-l ^jp ujjJb^j toliSl ^ ^jjaJU 

4 — *jI^ 4^*LJLiil o> 15o-ix <3 ^ ApLJLlI 

JaliLl jJj . i^U £L*Jl ci iiJlill Lp-o (3jXll 

jf Ja>-jJ Jij - -t g TJ 5JLk 015 ji-\ oJUb 

Xp Ip* ^pf frloJl -Up Ipfj tfrloJl -Up lp« ( Jpf JlxUVl -Up 

:/Vt JjjJL| J l-u jfro .Jl^Jl 

Y^Y 



(Y-o-Y) JjJJrl 
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fundamental frequencies 

M 

136 

135 

130 

127 

124 

129 

137 

141 

130 

133 

(Hz) ^L-Vl *arj* 

W 

235 

232 

223 

210 

212 

216 

232 

231 

221 

218 


Ch 

272 

269 

260 

251 

256 

263 

276 

274 

261 

261 

format frequencies (Hz) 

Fj JjVi i->l 

M 

270 

390 

530 

660 

730 

570 

440 

300 

640 

490 


W 

310 

430 

610 

860 

850 

590 

470 

370 

760 

500 


Ch 

370 

530 

690 

1010 

1030 

680 

560 

430 

850 

560 

F 2 *->i 

M 

2290 

1990 

1840 

1720 

1090 

840 

1020 

870 

1190 

1350 


W 

2790 

2480 

2330 

2050 

1220 

920 

1160 

950 

1400 

1640 


Ch 

3200 

2730 

2610 

2320 

1370 

1060 

1410 

1170 

1590 

1820 

F 3 atUt i-> 1 

M 


3010 

2550 

2480 

2410 

2440 

2410 

2240 

2390 

1690 


W 

3310 

3070 

2990 

2850 

2810 

2710 

2680 

2670 

2780 

1960 


Ch 

3730 

3600 

3570 

3320 

3170 

3180 

3310 

3260 

3360 

2160 

format amplitudes (dB) 

L! 

-4 

-3 

-2 

-1 

-1 

0 

-1 

-3 

-1 

-5 

«*>» eHi 

L 2 

—24 

-23 

-17 

-12 

-5 

-7 

-12 

-19 

-10 

-15 


La 

-28 

-27 

-24 

-22 

-28 

-34 

-43 

-27 

-20 


^Uijl L2 j j)eu (J O^aJl ^UjjI Lj j jUL>Vf Chj »L-JI W j JU-jJI M 

Uj*^ oVli*l 0 -La J * JUtVl (jkrf <j Oj-^ail £Ia*jI L3J frL-Jl (jiflJ O^aJl 

* 


jIjLSjC ^Jjpf JUp JjVl <Uj^l jf JjJli-l 

,Jpf *±Ui£ 0j£j 5i)li)lj iJliJl otj 1 JUr^l jl* J^IS 1 
# . 
cjiJb^ ^ju I (j^i ^ <jU <a^-\ j-LjI ^LL# J (JjaII Ul .Jl^-jJl X-p 

, Xjp ky»ji» um> jl53 ^ ^ *««>■ jt (juJScdl <x>I a «y 

LjJlp <jJ! <ju JajjJl ojuo Jjiaj jli^-Ul JjU- Xj 

^jVl UJ (ju Uajj jt-J 4^jj^lll jLi>-l 

. JjLJI Jt£JiVl jLi>-Nl ^Jbi O^J J 

0 jjc«L-J IlfcJ (jjsJl oLl£Jl ljt^-1 Ji jf \^ 

JU- j}\ i j\x> <J uy, ftLoJl ^jJal J CJl£ lij t 0j-JL^lllj 

rvr 





jj\j JaJL>- oVLi-l 1 .X-o.mP \J La^L^I Jl43 tJlitVij 

^JIjjJl JjIc Ajjl^Jl jSljjJl ^j^rj J^-Dt <J .JliUVlj 

o'ifULl Jir J\jjS\ «Jla J>-b JalJlj^)j(t-O-Y) J£iJl J ijUJl 
(8) iS l */it\ L-a \. /. ^ ^Uul 1^3 1 

j ^ 4« o c a,*jL»JI^ ^ I 1 a^^^ ^Lw«p^I b| La Ij^j 

. r ^ islUl i->L Ulj^ 

o«X a ^p«jLJ(P arameters) j s - - - -3 

, AA-J^ 0 jSz^m ■ -11 JLJLj) A^jj)«4Ji Aa^aI 1 <J^3 A3Jb <oL>JlS\J I 

oteipA ^Jju 0^3 ■» «« ) i (3) La^3^ lLJDuS' L^uj jy»i) i 0^ 

^jJl oULSJl Uf . IaIj^ Jaiiic ^ <L~>o JSLiJl J>*b iiJu apj-^j^ 0 

^ L^li (L^pL^—A* jj^ <411 i^»U^ aIaw^I^® (J^^j 

. (L^ Ao ji! I cAJ^Jl a +pjt> JLJLj) )a >i 

\ T&Z& jAXpiiS Q 
* (Ji lc^ v^>cJl ^5Lo ^j^s-C 

uib* 1 ^ 1 ^ . ^L»3 oLJKJl j\j^j */7A) _ jU> — ^ 

Jj^jJl_ Jlp is 111 aJIjJLpj t olS^A-l ^Lot, J^-I^a 

. ^Jj-saII <J Ip- aJUa>-I 2?^ Lit 


iSJ^\ z yjl <l)tj (JjJsJl ( j5v-C AAjjiaJl oJlf- olil JJl^ ^sAAi Y 

. aJLLJI aj jJcUl aJI jJ~ Jp jujju LfP^J aS'Ij^Ij 

^AJC 4 aJ P A«J L »P C^l^j>ciJ JjaJI cJ^-a3 i _ f 

Jij .UiljJ^p N Oj-aJU (Acoustic) a^pU-JI ^^Uii jl 

. <jLmj^/I L^» ajV a^mmJIj L>w.>i-^ I «xa 



£ 

I jj-X j^\ jt oU 1 j^Sj ijl^Jl (J — t 

# # 

oJaJkl j Lits^j V * l*>-lj iJLfc Jjj t(_5^s*-Vl Ul^~> 

. La I y^i ^jA IjbJ^ A.sla.ll 


— B 8, B 9, B 11, F 17, F 18, G 8, J 2, K 4, K 15, K 18, K 19, L 11, P 7, P 10, P 
8, S 20, T 4. 


r^o 



uyj ^—5j-P Ait 4 ^y>t ol5^J-l 7 "ll)| 

fi 

l^f t Uj 41^- jlaJl frUjt ott IpL^jI (joLiJlj uLJLlI IjlL wS^JL^- 

buj^J Ajj>wjLI ol>*jil (ju iSUaJl ^Jp JyjJl ijP . aJL j-b 

A- 1 >j_ 5 j J,l (J^t ^J* ^b >-yA (j JL>fcJ br 4 | c JaIl 4 


55^Ll ^JUfiC^A <j aJ&aJ JjJL^- yu-Jl {jA Aili JjiaJl Uf . 5>w*lj 

(ju 5iUaJl ^jy U L^v«3 ^5ij~Jl Uf . L^oJUaiL *>Ulc I^i?l5j ^5f 

4 -Up oJ Jyj JE* Oy^J ^JLP 4 jJlj J wP 

0^ ^ ^ ^ y^/s\ \ j^ll (J^b ^P ^tU-> 

aJxaJ JjJL^ jl^»J jji UJIp JJjC 1*j*as jt ^ . ol5^J-15 <>%~J>\j 

* * f 

ta-AP J, ^-3 l ^^LiC ^j\5l aJi^j* 

^5Ij*JI jiV A^iUJlj a^pU—J l cJLli5^ o^J ^Jl v^l>uVt 


. AiJbStil 


\*4&*>i\ J\yA\ Q 

4 ^j5I^,-*i 5>UwJ ^Jp ^ ^ ^tw«.>«Jl IJU * A ‘^^ ^ 11 ( I ) 

*X$ Al^Jj 4 A^JjaJI ^ J lScl OjjLa ^P ^jUj yJL*i ( ^J*\£c2-\ ^j5L*> l^-v® 
.«iyjb JaJ Ji« j k£L* \j\j *\jl Jl <JJ Ujup _ U J5wj — J^Jl£ 

^Iwall £LaI?| JLp Aj^«/311 a L^a»^ »« j *- -*y ■ ^ 11 Ii_La^ 


H Jl JA (HV) UJliil (Language and Speech) iU j ^ ( ^ ) 

(Spectra of Fricative Noise oJLi;^5-» 0^ (Peter Stevens) ^Ja> y>j 

. in Human Speech» 



j%Jl aXL Lot .^rwaxll JbJLiJl pjJl jT ^jJLSai «^jJJI 

*—®i^!^ ^bJl^ frLflJi A-J ja!I olj-s^tj A j «>>* ^j3 

oL£Jlj ((dibs')) J ijij53l J Sjyill j^-s^ 4 ^) ^1 

frliblS') A-^aUVl frliUJ . (Y) («iwJLS)) biSX jJaJl XP t bilyJl 
(OjaII J at! | oJbJLi alibis’) A-uilibl *Ub|j (OjaJI j ojj—^ il 
J* ^Ur’rJ <y ^ vi—>> -tij . (Q,f,8,s,S,f,X,x,h) *Ulj 

tAjai-s^ OjSj lp-bj| JlP *1^11 jAdJLltj l jSbl jl^a 4 OJUl* 

.UJa }LL£ J5 JjU l^fj 


;0^i\ uij £jUl\ O 

ojIxlkIi Oj-^aJl Ula ^bJl (Q) a^j * jll bibill aj^aJL H ^lill 

& a & 

. Uj^wi lS^lSb>*l *1^11 uuiJiJl 

AjLIJI ^p*JL (f) b*j « j 11 A*Sl^l>-Vl bJll**Vl Ajja XJ I f-LiSl (i—9) 

o1jphji 3I u? m j ob**Vlj aaJLJI *ljAI j£j . L1*JI jlu*Vl (JbJl 

. Ll*Jl Ob**Vl (0^; o^jp^^il 

On ObJLlI c_iji? IjJikJj (8) <>^.1.1 ‘uSlSb^VI aJL**VI frbJl (d>) 

ob**Vlj jUJl *liJj tj*3 ^Jl AJaiJl jJj . ^JjLmJI jb^Vl 

Of* J»S* t>*J t>* 

ftliJl) ij s i>o'yi j (s) AjjiJJl (o*) 

.*1^1 <J^U Ul> AiUlj A^A Jia jl jLJUl 

tf-liJl Qjl^rd NjJjbVl (S) b*jo jll bSl^>-Vl aJUaSI ( j^li\ ((ji) 
Ail!I o j>~y* ij **')bJ AiflJiLa J,J A3 Jb On jb-JJIj v-JUaJI u-ibJl 

. Jl bJJL* (J| 


. jpJLS’ (jJl cjlSJL UU-* jjj .a.:.. ill (T) 



(wJUaJl c j i am * 4*3 A.A d)b*JJl ^jA (c) 

^ if fi if 

. LmMj) 4> Q A \£\&>-\ biJi* t-\jh I J^Lj . ^Jl&J 

\jt-^A *Ldl (x) a^jjia^L 1 sI a^ 4L«V 1 *bbl (^) 

.l)l£^b ^mJ v^**>y ^>-jJl (wAjLmJI Vi a<rfZ\C jUUl 
jLJJl 4-liJt o j&j (X) lj+j}\ i^lSo^l 4*iJbLl *UM (^) 

^yA jlmill 0 j^J* lw->l J-Z&\ Cy J liT ^>*jJi CJ M^J l 6 J^"j* £4 4j 

. r ^LU ^1 JaJbU 

^j*qj v vi»«^-^Jl IJu> j*jjJI jJt ^ iiljjbj (h) ^jb) 

{ j^Sj . ^*JLJl <J sh> * \£ °JJj* JAP i3lSc>-b 4iL 

(J yA 11 j^-Ll ^Jp vl*jJ^> 4>vl < ^Jj^ <lt iSUp 

. ^jMy^A ^4jaL ijl&>»l 4jL Oj-*aJl 1 —A+ 0J fj 5b**i Ijjb £4J .<1? 

(JwJlj jjwJb ^jJalll JAP viLJ-l uU»>^ obJLII frliJl JbJL^> ^^jCj 

jUxLjub UJ^ IJbJL^ frUMj A^aUVl *bb |j <UjJLll c_il£Jlj 

ijjiJLJl aJL^V) aUJIj iJLiJl AjjiJLJl *Li!l l®f . viJLJ-1 ujLLJ ^yb^^JI 

v—llau *tib (jlaJl ^v^Jj . JAP *liJVl 4iad » eJplJLa ^SbwJ aUJIj 

Ajlw.%M)1 L ■ -11 ^Ix^L Jj ( 1JLAAJ ^\5"1 

. JajM j^>JLb 4jbc**/Vb LflSla> tbif a j>*^-\ oJlfcLL* jf t_r~^l 

(Orifices) Q 

•.0\^\ *Afc *\>\ V. /„ ji\ 

* * * 

. ^jCaJLJI <ju L>-IjXjI JiC liL-pj (JyMait (Q) (_j$) 

Jf 

J>-I Jjbiu JL>-^J jL^-Vlj 4 jLL]| 1 ^Jw? j^Sb (f) (l.3) 

, LbJl ob-k*»Vl ^ru ol^>«-4Jl J JJL 4 AJ JJ jl 

i^NJ j& tjy^ J vA^^ll iJjb ^IluV ^Jl5^ ^ jJl ^*.,^11 Oj^J (^) 

bb-^Vl £^jjc Oj^Jl ^jLoj . jULII LIaJI ob^Vl 

. oLJJl ^ 



Oj£j 03 t 4 j2jL»JI I jS\ 4*^+0jfr A>*Z& La < j ■.«, <? 1 1 (u^ 1 ) 

s' 

^ L**o^Lo (^oJl oULll ^tk.^ U oli obi <^£' 

.aui 

0j , lyv4 ^j^.^wJ i 4 ++^j£* bA 4> fa^J i 0^^* (^^y ) 

oL^jf J C-jIj ^ ^jwJl J 4jc»kj baJb^ La jLJJl p-»«- > - 

.£>JI 

. j^iJi y <uiJbbl Aikll <j ol^Vl oJlA <J jjyQall (^ i->- 

0jjO>- jl5b> ^yy-Vl Oir! c3j^H 0j5bj 

* 

. 4.^.^j {£**» oij ^y-yxil J>U UL k 

\j\oj (JbJLi *-\jk\ ^liJLJl 0j£jj ^jaJUI aa)^'*a <J La ^,,^11 jjSb (—A) 

. .JULiu ^ J^^aLi ^LjV 

. ^-JL*0jjA CJy*P A wUl l) ( j^' bjS'S Lj 

<_A tf * «J ^iyll j—Jj^^allb y liLs^ LL^j ( Jy^il Jj Vj 

.dJbLl 

0^ J-p jy £yJl ^La lg*$ ^jJI <JoJj 

( jp *>L*23 tO>-ljJl ^^aihuL i J <^oJb SiJOCU cJlJx-if ^Jp O^^i 

A ,.oJb yj toUJl hu»j Jy oNUbl |»k«* j *i>i ^ 

Jjj . ^ j : K jf jLJJl ^-JL- Jj>- 1 y j-C jf A^lSc^-Vl olJ-^VI yi*J 
ijyh* y jS\ ^Tji Ji 1^ (Pitted) iL^-P jf UJa^o jf IyJL« oLJJi 0j5b 

*S «f 

U^k*kt i^mj br U-yi Jic LiijVl oytiJl o j_So JlJ ^wOijJl 

. Usuf (Turbulance) 

* f 

lij-k |*JL£lo (^-bJ Ol y®j 

oJlA yo bf of ^jA AjU ^Llbj . jj yJLA £ 

*wnjP ^ykJt ojl^jb (jhy»j IoJLp jJScil UJLjj . OJLO> Jjiaj ol^Vl 



^JL>- ^JJl jju AAijifi JLwC-^l JJ _OLwiVl J ju & — 

AjaJaJl *LnApV( ^Liil <J^*if {j* Lila of l-L*J . AjjJ 

. ^o LJ 3 1 \j*/7 >• ^1 diA^* <w?U-l 

(Air flow)*. &^Qli\ £ Q 

^JVl j^jJU' AlS3j 4 (Intensity) Oj-^aJl SJLi J *lji>l JfrUaiJ yjj 

Oj-^aJl J JMLaJ^I oy • (Spectrum) <uJaJ i-^oJl 

jp i^Ul (Acoustic energy) a-pL—JI iillaJl jlJULc ilUaJl ©^*-5 

4^1 l A^S'L^l^^l »J 1 of 4 ^ ^«—3<f3L—A ^l y > w 1 A &J+M 

of L«Auf aj ^JLmII ^ja UL>-f ii^bb IL^-f aJIp Oj£j JLi 

d\S U lij of <y*j .js*^i\ l$^<u ^ l^ta JLif o^L» 

J^af Ajf ^f AgpU—Jl AiUaJl jljia <J ^l£Jl (jJ-* l*i* (J <wy*Jl 

. ojlJlL# ^Jo JLPjf (jCjjJl {jA frtjil (J^Llajt a-Jj £<• Oj-soJl vi^jJL>- Jia 

£ 

Jaai—J ^Jl oUJJl <J Lijf dUS Oj^f of jlilj) Aj^JUJ^I Jj 

(Expiratory) JaiwaJl Oj£j (Egressive iaii ^jUJLJ dWl*i^l 

(J <—(^JUj iaiutfJl (J ^/ufj 4 _^JU w (jJ-*lp Jo-\ <Jp IJ U lJt© 

: jUa^-t ^JLa 0^1 Jw-j (Phonetic impedance) A^kJl ioUil 

JCjjJI ^4 *-jUL| *I^AI JaJw? Ja^l4 O^i -tlP — Sljl 

Ji^ff JaJwaM (ju A3^taJl ^llll JSLUl (jwj . L..J Oli aJI>- J _ UIp — 
aJLp *Jb <jj . i^UJt AoUJJ *Uf Jci jJI J <~*£j 

. kXiNp I kXA . (t A»%*4 > L%4 A^^3 J1 llW . ^ 

Jti-I ^P ^LiJjVl Jl+Zajj .jIjLaII Ula ^p JaJwaJl ^ j~~a jt ^L^aJl JLPj 

Uf . <>1jAI jj j^a ^p ^jLJI Oj^aJl jl Jlia JUp 

L>»,> LjIjLIj OjLaIjj US c l l AyP>»ii ^Jp cjbyj AjU A3Jj kiupll jlJia 


. O^ai) ^...■il kl^alL JaJ j* Oj-nA 11 jIp ( ^ ) 




<—XaJ (Effective variation) I 

^ a ^ ■ a a * ^31 ^ * ~i^ iS jP " 1 * * Li* 1 ^^ w * 1 1 



time(s) 


O-n.Y) JO 

1^ < j^ji*.T 11 Xp *1I^Jll jLzJ jULa* 

. ...ll ^JVJ^ ^ydd I <1+* - \ 

. (JaJaJJ ixMijVl Jai*l) . )aiuii ^Lj — t 

. ( ( Ji-.-Vl iai^l) . p.«-LJl <J )aiujL 3 jL ^ 

i!U- {j* aJU^Cj (Load) Jiji-I jiJLi« — LjU 

<, (j^AiaJ^U jlldjo<J <■!jLiIj . oJiw-a ii^ 

Ji ^jcJU-l Jj .(jlill ^ jS\ Jjt £« <3^*^ 

jlJLi»v_iba£j . (Impeded) (o^>-JJ 4iaLaJ <_$() l*Jlf jf I(3^UaJ*ifl JjSsj 

i^t) oliijlU i-~JLi c Oj-^» U_Xj (Obstructions) 

lg«$ j)» oLS'lSc^l Uf . ^lJ <£}j \j» .-■»« (3^3*j'ill (A 5 - A «L>«j'ill 

<J jdJUU Jj_l»f Jjt (Phonetic impedance) 4-iki 4jutf 

. oUSjJl 


r»> 






i^UI kjjwaJl <j cJImoj iuUll ©i-A v^JU- JIj 

<LjJ^ (jJUbJl ^uLoj . ijJU? oULLLl ^J-saaJI LLi.JI 

(Ji Icc^J . *bVl aJIaj ^iJl L a J ai l <j LjUl* j*_oi 

iwaill <j *ij-ii kikj (Acoustic) ^U-Jl kLiJl k*jJU ik...a 

. LSIjji 1 

• 0 ) kJ- * 

^ JA J*-\j fji Jm Jp jUyj^SL* £^>j 

ikJyj (Valve millivoltmeter) SjLiNl Jlp- jn-LaJ jyj^SL* 

C*^ QuJl Lj£lSL>-Nl olj^Vl cJaklj .(Pre-amplifier) 

cJj • '*~* i j*& ^yp ^bii jbJi Sji j jDi • 4-*-*>ijjJt 

Jb-f J^ 2 .i> (OjjyiL Li Li J 1 a) (Catheter tube) k^ LjjL * L /r ci^Jl 

^|^_LVl L*ii 4 ^LJl» j*j(L jJIj)^^^I klLil^oj^jL^^L 

# ^ 

*lJLL LSiyil 4 ^aa}I yp N yA&* ^y*JLJl ol^llj . (J^ i£^ ijyJLJl 

^A£j| *Ljf LjJVL LLaslI iLlkll l^i\ (J *ljAI kbL jls yJj 

jf k>-^Lj • l<t^ (^j y* £jLLl *lyil k « .^ <J U^L>-I 

olj-^Vlj jkJl l^w> ^JJl ^j>--u!l (JLLa y* y^i\ twJLkl <j ^y*JLJl 

, # # 

LyJjll cJL^jj . Liuk ULj oj5w*« L^-dL) oL IJulj. Sjj^JlU LSL&^Nl 
Jl JaLjJl Jj jlpy y^l Iji^L 4 >* (Lb- J* p -^ 14 J) 

j^Lic ojjJU (Anode) JuwuC (Transducer) LSLjjS' ©jLil 

. (Voltmeter) ^yL^gJ&l JlpJJ 

(Manometric device) kLkll lgJ5 ©yp-Vl ipyojf 

^L-JJ . 4_A**fcJl cl^lys^Vl ckfc ya *j6 ^a> kliJL pi '/***- J«Jl ykj 

L-U* L ( jyj IjiJ 4 jlL^- aJLJip JrJLjC*w> OtJLC-l U 

(Voltage) 4 c jU j ^)I ejiJl cJl>«.-j .(Whisper) ^j.:...( J j*i L 

i\^ J£! L—JL frlyAl kajJj (Acoustic intensity) ^U-Jl oJLiJ o^Lldl 
(Peristasis) LeljJl LJUJbJl oLLLij^l 0 ^ Jb>-j Jij . ^LaJ jk jf JUy 



cJL>w JU3 IJLA XfryA ji JbljlJ 4 ^-saAI olliit (3 

3 o*A^* ^ixJl i-L%P I ^***j i^ 

^jtlj J y ^>jJlj iocJaJl jS* oVU-1 oJA Jjbl^ 

* (Ji W* Lj- cjjJjJl 

. 4^x»LmJLa ^lii (^^laj aaL i ^- ^Lj| — \ 

. (jJLSi^a <lajw9j Oj-^aJl SJLi Ja>* i^jj-uJL — Y 

0 j&u Oj^aJ ^jwa>i-i 3^ ^ 

. Oj^o31 5JLi jlJi* j oIp 

^SCafj . 3^^ la»«3 jtJJL# J-P 3^ oJLi iJl* -Iaj 

. 4jCm*.JI UV1 iw >y+0 1^« Ai^JLa ^**l^A 4 0^ AAj^laJl 

3y*a>«JtJl) 4 jL^jJI oAa ^Slij 3 u j^S ^ji *aSj 

4.,^a>fcJrf ^jA jja-jJl <-3j+0j _ Olj—eJL* <•—**> J» Jj\£ .0^11 

: ijVl Jj-J-l j <J* Jl 


(Oj-^? Jjf) Q 

iJUiJl i^AJLll frUil 

\ 

8 

4JI 

T 

f 

*UJl 

r 

X 

uii-i »m-i 

t 

s 

us-Jl 

0 

X 

V>-Vl *ULl 

n 

S 

OuJl 

V 

h 

frUI 

A 

(0^» >t) C 

4.:..Jill 

* 


J * 4) 1 6^x%« i— • * >1 IJl^. L. 4 .1 1 1 Jll p jLzpVI J J>-Jbj 

. (Intensity per air pressure) Li^ti I 


t*r 





i£j£ sJla Jjj L ^JJ 

i^ tiLL l y» ii[jS JS\ ej^?-f JUxU-l £« tj^UwVl ^jA JbJlP 

. 1*a cJLjCm* 1 

I 4^4^ I'll1 ^ I 

Uf . L -. i .*b ^bJLrf- oLS’ISc^-NI JJL^ Ujjp j Ui^JL* 

l$JLkj (Acoustic energy) iiUaJl JjVl ilibiil 

0j5u jjJl 4^ji-l l^lk; ^Jl 4$UaJb C..—J U lij ol y*aH\ oJlf* (jkJl 
^jA ^jjJJl iJbJJ ^^lu-JaJl ^IjJI <j JiX ^Jaiall jl5 lij . ^Jaall 

Oj-£b (Segmentation) ^kiJl SJUju ^ii UjLp Llli t iJj^aJl i^Ul 
jf 4_JliJl iiSJtilj .l^U Ult U ijjUll olS>JJ ^Udl J-Udl 
loAj . <^bJl <J CJUati U lij fjl>- oolj-pf oL^lSc^-Nl 

s* 

1^4 ^ o^£j (Ji Ibj& Ja'I L ^m <j oU v_. ; .Jl 

S^bj JjVl I <jvi>- bJL^P { jci^il\ (julft iwJl»cJL)j . 41** Iji 

(Recording level) ^ij If iilkll obj ^f) J-^-llI 

cT*’ 4 ' <J (S*y o[j Oj-soJl (J1 o^bjJl oJPj 

bjati QI , 4^^^-1 o*X**< b>^ o^b j I 

£-Aj jA ^jZ.~+*j otS*yM Jl£ 4lla^l jjj (_S^Ip (_$jl*~» c ( Jp ^jaSU 

. 4^15^1 olj^Vl JU 4lkJ^j 

fcyL* i^lSc^fl oij^Vl jkj ^ JL2i oli)l il£iil Jp «wJbeil Ut 
.Ojjj ^ IjilUaJ bi£jc iJli-l oJla Jj . (^^bJI (J jj^ ^f 

o Lw ^l Lmm^O 4j ^3ydl I v**^jl j^b^ of OIj of 

. ojlj ojbp J 44 ^?jN 4 J ^LpU-mJI ^^aJUaiLl 


Oj-^aJl oUsPj ijidl Oj-sdJl oLLa Jy Syrj y» ^P^Jbj 
4 ^ 1 Sc^NI olj-^bu ijjf ( J—-jIaa U ^j/qT 4 jL jJaJl oJbb oli ojLJl J^>*l^ 



\Xtb . ^^SlSc^-Nl Oj-sa!L» Oj^iaJl cJ^1>-Ij jhj 

^jJl £kS\ aJLju fU!t (j*j* J*J *) ikji? i^i-SJl *ta3l> jJa^ tJU 

Aill^Vl AjjaJLII *LaJl ^jJallj 4 A«.o «»ll jf AijJL^il 1 ./all frLiUV J^cuJ 

t(c_i <*i lJ) All Ha l* * I £* <Jp JljJl Oj-^aJU (jJaJLj iL^JaJl 

^ja Oj^JI twJlL? jt 4yixU aJLxuJ ^JJI Oj^JU iLjJaJl <jwJlj 

jA*$ j * & a ^wUl Q>j./3llj AJLjjJaJl (cJ -11 <y c/*0 

• cH (lT U* lT* 1 ) J^“* 

* # * 

SjJ^t 4 jwI>*j LLJI oLIjjdl LJU? \ T <Jp i»j>uJI 

Cj y+0 J5 iiLJl olj-s^Vt APj-«j£ (jiaJ ^[S {jA c-JLU JlSj 

^JLpLw# jU>-I JpL-- JJj . (oJL>-lj aJU ojd) Jji> £*j ^J-P 

(jlj ^ $ :U ^ ^JS' AjJj^aII Ou^I jjjl <J (JW1*A>^ 

# # 

Olj-^Vl C^c>“JJ . Ijj-sOP U-^j ^ CjL^j A3i 

J1 *• <>*) >- JrT^-J jlp- Jp lfr L> »~> J*j j. Ifiki Jjy L^ Ijiiai jJl 

AP^Jl oJtfcj) iaJjtll J i**jj ^ 0 4Z*J~> 0 + d^/S \ * • • 

^JLpLJJ ja JS’ Jp olSj . (aJL*pjjj AaUa] tils' iajjjJl Jp Oj-rfflJl J^i* 

*Vy •A^V* 0j& dj*j£l\ ^jA A^3 jf 1 >X»P 

A^J ( j^a £jUM jtjJ (jf C-JjJl 0\£ 

JjU ^JUl Oj-^aJt jJjj IS'I^I>-I ^ 

. Aj ^jkJl 

J-s^Vt Ajf JL>-j Jij oii ^A.ia.11 JJUcJl ^ !Jt* Jjkj 

JJL^- aSjj (Wide band) ^^jJL <j$ja JS' jf 

iSy^ *j*J wAiJ? ^Jp Jj^>JLI o ja d^/i A* * * jtup ja Ul-U aj^Lp 
A>i-silj oj ^ j ^>- dJJSj . jU* J53 (Sections) 

^ tf*/j*1 1 ^ 4 Oj>^ 11 ^ A &?yA 



(jJUUJl ^Ja . (jliJl 4ju0j <j JjVt 

Ijyyai JUJdl oJu cJlSj i(i/id** (Calibration tone) Jaw? 

oJA 4 . JL + Ijx31 w» Jij . icui SjJL wulS" it..y>«j 

iiji? LjJL) jLs^ . LA^(pf JJL>wJl 43 jj JuL-f 4wcJl oJlA jL-*j 

Jr^ (HJ (*—J ^-1 o-j.i Uly l*. 

Ajjlxll ^* Cj . ^j*xpL>» J i a^I^a 1 1 

JS' <i^l of jlaJl 3 ^>«jC Jb-jJj . !>UL£ Yft U^JlPj i^UI o}UL>*dl 
olj l>w?lj Ji5 (<jyJlj *U!l J^ 4 ) uyj-^ 

. 4j ^^/vjjJaLJl L^-LJtwO oU JbJjJl jwi! . U11 

oU c^OaU jJfej. ^ Ujjj Jic LjJ5 i^lSc^l oljwVt cJtf Uj 
(JpVIj J^Vl JbM (Ju J J i}\ iiip-Mj: 'Vl jw N Igwuy Ju I 

1 Jl*i Jir \L>- ^jlill Jt£ SJLJI JlSwVl fjj J5 Jic ^JJl ^lj>JLI 
J5 l*ak ^ cj. jJl iudl a^IS^VI ol^Vl JA J53 r l>l 
4^43^ J^jJa>- J?jJaA-l oJlA Jbulj , j-JLp 4j^(l)l ^juJSoU ^^4 

4 ^JaP A^*^l I P LuJ I 1^*5 {Jj&j 1 ^ *^ 4 3 

# s ~ 

iillaJl ^ IIjJli La JLp oLJbJLlI cilJL^w ^Jl ( jl?Uil ^^>-1 ojL*j jl 

. Ojwii <>wii 

Oj_wi3l J A : ^ J—^jwJ-l A—JiiVl J?jJa_jLi oJ-A A, -JLJ j 

yf ^j^Jj . j-Jl AjLj jJl oIpIjJJL! Aj>wj Ifif 4 J^>J| 

w>Ij aJL>w> Lc AyJ j jjVl Ijlaj . ^juJ Jj<J oLp! jiJl oJla 

(3jJ 4 (3t^ olS^->JJ a^jI ^j>JJ Ai^*»lj3 jUp 

<1 ^!3 (La * ~^^') A. yu jJ 1 ^a ^La 

. u op- ji 

0cJjjJt oJlA jli I Olj-s^bU Ay«>JU Uf 

. (Band) 33^Jl ^3^" ^J^ J>^ 


X'*\ 



£ 

I jJ-l dj /i A* • • eUaSf bpj Jli iJbJl 5JLJI 

Jbwoj . (Spectrograph) ^yLkJl p«l jJl jlf>- <*j pi ^ ^yiJaJl JJ-' x lD 
. SJl>- (Jp Oj-m? ( J53 p-^l ©Jt* 

! oUJbcJl ©JU (j ( Joj».T...»wi ^Jl OljLaJl ^y 3 * 1 j~~ 33 ot 

. Jai-I <j iki) JuL*>t Jiij <*-**>J\ J iiUaJl LaJLp ^iaJ Jit ( t ) 


j^kLil oAa Jj . L® Jit oLJuiJl £L*jI 0j& (jJt jjkLit (^) 
y IJlij . 5JLJL5 iS^JLl AilkJlj j obiJJl Oj£j 

j^SvJj (Low peak energy band) <ui jLkdl pJaJl iiU» l^L L» iillaJl 

AjiVt _Jl»jj_ ^*3 b(p 

. (High peak energy band) SjjJJl iiU» Jlc 


r*v 




OOt/ T.-l.T) JSLl 

















































































kHi 

8 


7 

6 i , " 

5 

4 ■' * ■ 

3 

2 " " 

1 T 

<pf0sj^xzh 
composite of typical spectra 

<j> (L;u / T-Y) 


(T-n.t) Jp JtU- 

JiT ^Ji«C AAiwJ l3 — 

J£J ^ Jij .y^P ftW! ^JlpUlI ^ J5 ^ i—dl olj-^Vl 

. ^ oljjjjJl ^JLaJ jjv-il jjLJl p—^(J ^ Ja^JLJ J -k>«j JpL-^* 

Jji ju.<* J-S" orf J-P ^/IScLvVi Oj^aJl >*J £"*-* 

i_jj-J^jNl Ojj-J-I J-e jui *-»>*-* J—p'—• J-^-J >*-> £-0 •(*) 

IJU Jpj , jlpLJlI Jii <jJI <~JJ\ JejIuM Jj>-t J1 J5 j^-1jj .(jJ{B,A) 
<lix «B» Ae.-’lH JliLiVl j jL-Jl Jp (^JUl ^tjJl JaiU <llC «A» ^ yrk . i . l li 

. «i» «a» ^ja Jl&iVl <J IJL&kj jjU«JlI -ki-l 

k>jkl JJij U.UI ouJI JlOVl J^UJ SlUrl «j» JSLiJl JJU _ UU 

^j^UwVi (jiflj k-rf^la V^P ejLp k^Likl oJlA ^ JSj . 4 4^1^11 

v-t^ll k>iLl jLJl Jp^JUl^f^l JLiU Jir Jlill J~- Jpj .Oj-^LJ ^1 p 

^t «f» j!LC JbJl kiLlj i(LUJ! 4 Pj^Jl 1 J <^J^) <<c>> j 

. (ULaJI <pj^>JlI ,jUlJI) «b» JSLiJl j J»jlait-I 


r-4 



0\ yj y Q 


: (a) j£jDl (Q» _ ^ 

\ n • • Oh Jj—^ j*—'j-Ji <j t—*j-if 4 —J-*t (I ) 

o • / 

Jij i/i 40* • Oii Oj£j (j j^la< i>Jjj Jpt (t—■>) 

.*i»/s no* • j| j-a 

JLpj wj/ iY***/nA** J-Xp UjSo A..^a>xll asU? <£> 

. i>/S 00 * ♦ JLPj o* * * /i* * * 

■JLXpj <i»/iY***/Y*** Xp jj_£j aaaIj_II aSLU ( j ) 

,^/i tn» */t** • 

: (b) JSLiJl (fo). Y 

,kt»/i nv**/n*** Oy J upt ^*^0 jit (t) 

. d>/S Vo ♦»/V* * ♦ Ou J Ujjt ^k» i»iji Jpt (i_j) 

. <i»/i 0*«» Jl»jj «i»/St***/M** <uai>*dl ^JiJl aSU? (^) 

. vi»/i t * »• <*ijJ.I Aill? ( j ) 

. Ja«.*»1 ^ eJUJt a » i mtI I ii <^ 3 1 < . * ^ y 

: ( C ) J5^JI (8 ^) _ r 

. Y * * * / M • ♦ Oi* p—’.J' J Ajiji Jit ( t) 

. sL>l i A * * • J*—jJl J wr flaJ AjJbi Jpt (t_-i) 

.A*** <.o\ • > 1 1 > * • tY’W* t Y n • • A*ijJ lI aSLU ( j ) 

, Jd^t i jtjl aammJI ^ju c^niaJI 


n* 



: (d) J£JJI (v) - i 

j iJbi Jit ( f ) 

,JS\ jf si»/i A * * * j*—<jJl J iiji ('■ r ') 

. IpUj iSllaJl cJS ^LUj ilL la 5SIU (^) 

. JiVl ^^p iJlill <J iJbi l-aJL IgJU ,jJl JL*-J 4^j JS* 

.^/iV*** too* » ttY** iuJjll iiU* ( ^ ) 

, JjL-f {jA <Uc~jJl Olj-^Vl (ju CJj^ai i (—A) 

: (e) J5^J1 (SJ>) - 0 

• *- J l* Y • ♦ * / Y*l • • Oii J*—'.jJl J .^taJ ixi Jit ( t ) 

. dj/i V • • • |v~JI J Or*) 

lp-j iillaJI c-jli ^Uki ^JLa 4 A^iu>w>il p-o-llI aJIL? (^) 

. JiVl J* £>/*>** * jl-Ur Ljj; ^!l ^ -UJ i*S J5 

Jlipj 00 * • JLpj t« • * JlPj Y * • * JLp i*iJjll ajU? ( ^ ) 

.d^/i To• * 

. J*iL*t ( jA ^LmJ| olj^J 4,../.llj Oj^4Jl (—A) 

; (f) JSJJ! (c JSJ) - 1 

. 4l>/i n % • 4 YA * • <j>i p— - jJl (J Aj^i J-^ (^) 

.sij/iVY** 4 V • • uif J A>Jui Jpf (*-^) 

P 4_*^j£>«J*il j gla * 4 ^»aJ3Jl 4 M jL«l2 ^ ^ 

. (0) J p^i)l ^4 oJ>- ^5l ^Aj 4^/S ^ • • * 

.<i/ioo** tto** t^o** A*iJjll |**JaJl iilt (^) 

.Sjj olj-^Vi JLif ^ Ul oI^nmJ L l **^ j I v - - j 1 ^-A j 

: ( g ) J£dl (x^-) _ v 
.*!■»/i • <.\y* * 0 ^ *-*»jJi (J Jit (f) 

>j-*rj £*) Vo* • tO* « » ,ju ^jjl <j ^jJaJ Ajiji <Jpf ( 4 -^) 

. (Jyjl^dl (ju j^S 

r^^ 



0 * • IfcL \s> ioi J5 jo^JaJl iSU* (^) 

. <jloSJ j j fg.4. 1 1 J-3j U*-> dj/i n * % 

<J JL>-^j Jjj V'O * * JUpj Y * * * -Up AjlOj ^11 iSU* ( 0 ) 

fiUA 4 m1jj (J^dJl jiajf) ^j^bf 

.otf>l J As^ScJI r >l jUdl 

. JjL-f ^OJl Oj-^aJl v-~j jJ (_A) 

: (h) JOJI (X £) - A 

. d^/i >T* */V* • ax jJt J j ij«io Jif ( f ) 

.iJliJl J ijLS V* • • /*l • • • Oii J iJbS J^f (c->) 

Oj^j 4 *Jb 'jllj 4«^arf>t , .ll < o »i of J olSj^-l Oj^aJl I-La <JLj 
Ji . d^/S Yi • * t ^ • • * Ic^rj-^ oluJI 1^ JO 
. d->/S V * * * 4 T • * * ax £j\ jIj AjJLUj oLua jA jllaj^ JL>-^J 

.d^/oV**/)"*** Oii i^i>ull ^^JaJi iill? (^) 

.d>/i V* * * / V * * **-*■* -A' (■>) 

. JjL-tff ^1 jJl Oj.^aJl uJ J> (—A) 

:(i) JOJI (h-*> - * 

.d->/o V* « /1 * * ^jJl J ^rgJaJ iio Jif (f) 

.d-»/i no* * <j ido (Jpf (^) 

^3 0 l y*A ^rjij d-#/i \ • • • ^ J*f 4^L4>oil ^.0.4.11 4iti? (^) 

. *LoJl JUp dJJS ^ Jl>-jJl -Up 

,U>/i W* * j i/i ^* * * i*iJJJ ^oJaJl iiU? ( 3 ) 

. Ji-^f ^ j^Llll Oj^aJi j (_a) 


r \y 



# . ^ 

t ^3 jaU Is«1? o^xa c > . 

: ^ olpj^>»ii oJLaj 

‘(8f Q i J y) i^UVl — \ 

• ( c S s <jiJ ^jm) { Ja+mj^\j — Y 

.(hxxj^_>) sJiiUtj - r 

: ^oUVl 4P^*^ill 

ui—i o!>L_ptj aJLL-I <jw jl*J1j J-jj-J? ^yLlaJl !l 

jJ*i ^>>-Vl Uf . vl^/S Y • • • JUp iilt i*i jl>-jJj d>/S 1 • • • * 

. oj3 Jjf oJjbj t ojjUl* JaA j ^5 4<>JaV «* 

! ^J^ji\ *S>y*PK ill 

oJla oJb>-f jJj . cjj*p ^ja oljJLji ^J^fj jj5Ul l,a[:^ 

v—iJLbJl 4iUl ^ lJIsLI ^*-1 jXJ l^>-jl£ of U]i^-!>U ^i!L» olj-s^Vl 

L^JLdt (jwJI Oj& of IJl* t^JLall i— &L»Jl ^ ^>-1 ji« ol^* 

. U}Uf (c) ^j^il ^LSlSc^Vl ijUiijVl ol£Jlj IfU-^jf O^-iJlj 

; UUM 4Pj^Jbt $ 

fxJ of fiJiA ^yLJaJl V 

frlii-l £« (x) ~oj+J\ frli-l ^a Jif i>-jJb £j>xL\ 

j£J <JUl JjOjLI jj t(h) frUl ^ 4-—J <Jpf £-Lj (X) Ajj^JJI 

: IJla 


nr 






Al, A 4, C4, D12, D13, F10, H2, H9, H41, L2, L3, L9, L19, L20, M7, SI, S26, S27, 
S28. 

WAY, R. (1957): «The Articulation of Certain 'Alveolar' Plosives». Dissertation for 
University of Edinburgh Diploma in Phonetics, 1957 (unpublished). 


ru 
















^ j« oNliol jf ol jJu ^j>~j (j^ 1^ Lia^-V 

JlioNl ILa ^ju ii jaI <JjL^ ^JuJ La j . L5L- jj\J- Ljup ^L*l 
^*xp I LA i»j Jij . iS"j>«JJ jjUll ^ybyjl ^LJl 

oL Jij . Jtii»I iJLlI LjJl^ iS"^>- ^Jl 4k~.ll uiLi?Vl 

J* £jUl JjJaJl ^ AiJaJ jiaJl SjL-I jlgj>- <j oLl*Vl *La ja JS* 

<!jl^ ^L—Jl jjcJl (^ji ^y> <~A1*j ^LL? J5 

oj^^>«il < jSl^Jl -i>-f cjIS*jL-1 oLa jI^>«j oL" lij L i—#^ 

jj** oLa j^>-j^j L 3 I 5 ' 4m«J ^3La o*jIL . (g,d,b) 

JS" ^-xJj t^Ls^J 5jLi| jLc LlLil AajL-l (JloNl jL JjASI 
. JL3I J5Ll!I (J ^ JlAJ^/1 JISLif j* ijw 



gt ge ge ga ga go gu 


O-V-T) J5Li 


Pierre C. DELATTRE, Alvin M. LIBERMAN and Franklin S. COOPER: (\) 
«Acoustic loci and transitional cues for consonants». Journal of the Acoustical Society 
of America, Vol. 27 (1955) pp. 769-773. 


no 




OJUo5 iJlill oyA-l oNUiil of cJf oi jtf llj 

cSy^jf t^y** cr^^fr 4 0 ^^ J>1 ®J^1 

jli oJLa ya J£j i**U ^y^f oljLi| :y>j o jj j-s^ JJ iiLiVlj 

aJLU! jf <jciJL)l) yUl ^jJaj y* {jyu AOliJl i»jil O^lil)! of (JUb 
£« ^Jill iJliil i*yM JUil of 1 jo>-j . (oljJLIIj cjiiLJl j\ 

(d) £* Ltli^l ofj ciyLi ol yp\ IgJLSj (m)j (p) LsA>f ^ ^ 7 (t>) 

(k) £* OJLlj^ 0 ^JL>w 3 (g) U>Uijl Uf . AjyJ iy5j (n) j (t) £* U^jf 
Jai-I j£*i J Ala^-^j ^OJl j*isi\j .o^jjf iy lf-f (J ^jbj (N) j 

ya frUipf a£J ^JJl ^/xJl JiC Ayll)l Ji*il 

yS'Ltai# J^J o^" LLj • Jl 

frUap^ll <** fjLJ yS'LJJ (Locus) Ij^y* ^s^jil IJL* j-ipI Jii jki 

iS*y>JJ U>U yUl ois' li| ASyl-b yaJl #1^1 J y AyysaJI 

# , 
Ulj jS'LJl olS' li[ a£ yi~l y Jju Oj^aJl *LapVI aJ| jf 

! c d^LJL«-p <*$*!• ^ ^ 

. yS' L xxJ 1 o j-3 <-l «/3 P^/1 ^lyt*^! _ \ 

1 A^Up oJLa ixi T j iS yU Jl 10-A ojjIaa — Y 

. (Transition) 

(Steady jlyi^Ml aJU- a 5yJ-L <j ^ ^ 

ya y IJLa { j~£* aJUaH oJjb oij . state) 

. JbJl ^Ul yj^a Jl JUi^i Jl A^>l jlyfcu-l iJU 

4 Ag4JaH ojj^aJl J oLJUjJI ojjb yf £iyj of ^yCx-iaJl yaj 

.AJlif'j JjVl Ol^>l Ajp Oyb ^JJI J£jjl J J^VLjf 

iayLl cJ (^ - V- Y) Ji^Jl J AibUl o'yu.l ^ Jj 
: c^y jyM? J ^iii oLUjJI *1* oli IiAj . JjVl 



JJtll 0 (jLJl <L-JLJI (de) iJU- J — \ 

(e) A(d) j5LJt (j\j JUil ji Aif (j,\ lk>* 

(Jj . (JjVl (J jUlil J^>-j Ja>-V) Lb> JliuNl ILa 
( d) ^j - 4 aJ^I JJuil Jai-I JOwfa jLJi Jp u>dJl 

JLJiijVl lLAj . <? jX ~I J jli)l>- Jl (^/^ ^ A • *) 

JS* J jlSJU- Jl la^fc3 J Lf . IJbP-Ls^ 

J5 Jj .IkiU La JlioNl { j^i3 4 jS'LJJ L^-La^ i Sjp- 

.j&jl Jl Jf--i 

jLJl Jp fju .UpL* JUij^t o^& (b) oNL>- J — Y 

Jy^gj ^*Jl o'i/li-i Ol) L^-jOj (cid/i M* •) 

li 4 ^-wJL JJj 4jli cJ^L>-Vl IL^. | > JLJ I £*j . 4^/i ^ • Jl 

(s) t 4 

£*>/2 Y * * * fo-j 4i^Jj UajUb 0j& (g) 0 ^l>- J — Y 

.£j/SA'» Jl <J>- o^/U-I J jL-JI Jp 

N 4jf I La ^>La jldiaj 

. o 15jL-l v—4. L< ^ (g) i 43^JJ \y£jj* eJL>-lj 4lad) jLlpI 

L «X>- Jl ui l i^ (g) jiaj ^ 0 y& jt jSju of La J.L11 
<iy^Vi <u^oJlj L>ts>w? ILa oij . <Jj 55^jL-l lL*>L>-Ij 

JuaJ oli La j*j . (g) jOO O 0 -I 4 L ^JlJ N ol ^JcJl © La JjU j£lj 
iljl^ -U) 1 ^-L ©jjS'Lil .elj-^ jya IjlJLJ J5f ja f (g) ^LLJ y 

I La jf oLj[j (g,d,b) oLiyJLl <JL!l iajL-l JliJN j5sJ y> $j?rj oLJN 
ii jaLj c ^—43jlU <u>-L^all iS'jL-l ui^L>-L 1 —d.L^ K^xa 4 lad> JjjC j5ojil 
dfl of jf JlioVl Ajldj 4_La2_l JjijLIj J.A J^Jjll oL" 1^1 L 

oL^I J JaiIj IajjJj JjVi 4^jL-I cJlS' lil L 43 ja! i^>“fj 4j| 



ol^Jl oLtVl ^tj^~ (1)15 ll 

. ^ ^ AAv^ J ojLpJ 1 JlA J jJl jl^J^I (1)15 JL43 

LpL*-Jj o • 15^ j j.a./? a jjj 

Jjli <J^^ > tj ol>-jii sJla j JldJj ./S \Y* <u^L*»Vl 1 ^i>-j^ <u£$(jj 

frlilil JL*Pj c 1 jJi l^vA d)^5jo 1 1,«.C ^x J 1 

1 ^*\i*»t\jj (Jj>Cjj I 4aJjVIj J^laiLl 

. 1 i ^5111 l^. ^£«Aaj <Z*J ^j 



1 inch . scale 


syllable duration (s) 


(T.V.T) JSLi 
Si2-»V( J» jj'il JJ^i (•—j 
i—!jjJl «JLa J li \x*j>yu ^Jt 
VWj JjVl 0O>I ^ 


ojLp J5 o(T - V - T) J5LiJl ^ lc5j 

.w>/i ^Y % *&ry* oU>4 l^f-u J5 JJLc Oy^r*- 

-LpUj? JU51 J,jVl J ^>-jj (A) 

J L»f . (ii»Uj JLpU* j^p) JuL£ iJliJl Jj (Rising transition) 

SJ-Ji Lot. ^^JpL^ (Jlijl ollll Ju'l^- (Jlijl ^jVi (B) ill 

^ CJ15 JJai Jo/Ll J5 <Liiljjl (Intensity) 

-l5j . ^ la ..*>jjl jfli 1 ^iJI <_/CX>-^11 oJUO ^jP JjJj cj3 


.U^ Uj rVA ^ (T-T) J^JI J 0) 
• j^I 31 ^y* 11 olPl (Y) 


r^ a 




iljiS' iltc ^la—*jJl ^jr^ 

Jij. ^kil! ajIa> j c-i$yJl jl5j . £*J *$> j>- I 

ikSj J otf Ujip «jlpU?)) 

jjL^ jl5 UJLP ((Jbl^-j)) 41a (jit jlS* UJlP ((Jajlfcj)) JlilNl A5jJ ^ 

. jiji^Nl ikil £* 

•.^j\li\ 4j> o\j^3/ Q 

J5 (J oliJl iaj^-l ol j&j^® <jwu (J ^ 

cJ: 1^ 4^-43jiU iSj^\ ^J> j* ^kJl Oi^j 

ijjjlk oJLpf jiJl I JJ>j . i!l>- JS j iJliil <j Jlio^l JjJ* ii 

r * .;iu j<r J0^>' j^kikki 

1^3 ^i-lj ^jSkJl ^yi <Jp LfrpL » -*J ^SL*lJl o-i-ft cJ^- 

. oi^>Jkl O^Vl <k^!jj 

Hz 

3600 
3000 
2-100 
1300 
1200 
600 
0 

( r-v.T) JO 

^JLt^ cJL^-l JL5J Jb* J odl f>l Ol>jJ Jw p-j 

iajj-l oJlA (->■ iJ tU) 

: SJlill i«jj-l J JL&I 

jLiJ'yi iki) J iS’Jp t _&yj jjS’L.Ji ^Lw 015 li 
AJlill i*yl -1 J jl£ lij t(A^^I) jliJl Ji (^LJl) JjVl j~a}\ 
izj <J jUil i^>-j ejjj^aJL; ^jAj Ula jli tl$-i jUii *yrj ^-UJ j-l^j ^ 

J JjVi i.>i j juavi of Jb-ttj . ^LJJ ^ Nh JjVi o>i 

. JJi <c53j IjlpLs jjSL-< aJU-I ei> 





y* Oj£j N Ji ay (ju (3 jaJI ,J~*< ((j* UJa^-V Jij 

•W! aL.^jZ,* i!L>- ^jcJbMj&a ^ju^LI Laj . «i>/S T t * 

Jij .<^/i ^oV iJliJIj V * JjVl Ujlp i^dl 

^L^Vl J^j (f-V-1) ci J y^ SjJb c^J>j 

f 

jjJb (^f) ^ : .aT..,>< Ajlill iajj-l Hy Ifci j j£j *\0 UjJlP liLtf Lwj 
L^_* J-Jlc aJjLau jjjLajc IjlpL-s^ J,jVl a^j_jA-I (Jl—iJl 

Jj ciLUVl «*XA LJj>*J • aSJ>- £* JjVl A^ajJ^I lc^) 

• (jtj L» Jj L^IjIj JbJui fiLoL ujLI? JS' ^jJaj J^Uj 


^lj jSl j-~Jl 1^3 i^jllll 4^JC*> Ob.}jJ JL>-^ 


. J£j (g) l*-«. <>■*■«< /i V * * iJlill <uj^-l ^jJ Ob' bj ( f ) 
. J^ (d) <^/i ^ A* * iJlilt k*j£-\ y jlS' bj (^) 

,j J^j (b) <J^/iVY % ollll 33jJ o\£ lit (^) 


Oj11 J yyt, aJLUI ^UjVl a^j till i^y}^\ y — Y 

Jit Oj^jj Jit ei^i>-'yi ol£ bj £j+,0j}\ Oj^dtj»ij J^J JjIaII 
jo j olS' LajujpAjt^S jU Jlill J^^ Jp-j . J5*t jlS' bj 

(d)yb j_p jjUi ^ui jt ji v^ 1 

• (g) ^t jjyJj (b) Ajt Oj^lj 


<■— * /3 1 1 i ^ jj J^Vl A^J-I ^ 1 — f 

3J>jJ oj £j oJl>-IJ aJL>- IJLP ^ dJUi j A A^jJ jf 

(Jj • (^/^ ^A* •) (d) (<^/i r* * *) (g) aJIsJI 

f * * 

L»ji ^f) laiJ^4 :oyJl bj (g) L»Oj^Jl aJU-I oJL* 

# # # 

t£>) Uaii^. iiyJl jl^ lil (d) y> Lyj ((g) ^ 

.((d) ja 

Jp f£J-\ J (-LCJLP jf) ^‘Vl JJi JjVl i-jJ-l JU^I j\Ma _ 


rr* 



Ji b|j I j*£ JliuVl o\S blj . ^S^LJl 

(a*j LaAlP IpU^-I ^ ^ j if Oj£jJ i ^y+ 0 y^\ 

^JjJl jlI ilb- A* •/s’i 22 jt ^J^f ci 

.UJbu jJl tf>l 

i JJlill <J JUiJI — LlU 

! ^ jj^Vl ^Ap ii yea ^A>Jl (J i A* ya 

JliJl ^>-j l 5j- 4 J> l*yi-\ (j JUiil ^yrj — \ 

jil ya fJL j AjLiJl (J 

C - waJ l jlAil (Cw? 3 y>-j JLIP ^f) jSo^ll ya aAJI ^Ap AlP — Y 

yS'Ul £y AjA^- yf jlI aJL>- ^ I <La^^*l y jlAia^ 

Ifd^^ya <j^^> libWf ^^j^yeli ^A^ LLaoI A3 J S 4pb-*aj 0y5 yf 
. vlA>*Jl Iaa ya JyVl *yi*l <3 o^i yJl 

: c~w? :y>-j ^ap £« (f ) 

Aij . jil ya iJbJl iayLl fAJ jf 0y$ Jy>-y ^»A*j Jj.^Bll 

j£jJl oli (1 - V - T J5Li) U UL^U vJLtVl J JjVi i->t UU^ 

of A If^Jj . j>-^l <J Lj^P *— J Cuk>-1 Aa 3 iJliJl ia^J-i Laf . \^5b 
J,[ <kiJl «Aa ya ^Sji- ^5 («A»/i M* • (d) j5y^li j/* oNU~l J5 j 

; Jb La LJa^'V ^yil> L^i oAA oJ y>~ laAJLPy , jlyLO^I (jy^».a 

^JJl (d) Cjj^ oli o^*.w-*.a iJlill J ijU (jjVl iaj^-t j ySsJ laAlP — \ 

. ill>- J5* y ^1 (Aj /i ^ A * * ) ia^i-l tAj ^JaA) jA 

• (b) ^>/iY«t* ttoY* Oyj' y jtf lij — Y 

. (g) Oj-a!I Ll»/i ^ Y • * t \ t i ‘ ja jl:jy ol^ lit _ T 

<Lj/± ^ Y» » J* Jit j\ *l>/i \ o^ • t ^ Y * ja jlJijI jl£ lil — t 

• (d) Oj «411 ^t —< 

TYY 



: iyi *j*rj g (^) 

gij i-JliJl ^ - JjJaj JliiiVl ^ JjVl I ^y» LJjf 

J^Li) B <j ^flaj \^ Jlii^l frjjj (<i>/i\A % *) <jv 

015 illi-l oJla j 6jIjlL«j jUi'yi jli 4 L <iA JtA^. J n>;j(t-v.T) 

b 0^ ^ Alt ^tjJI l5j . j^L-Jl ^jj JbJL>faJ l»U 

La Ja>-^\j of ^yLbj • *Jb c$f AJilajJl aJLjJI ( j^o L ^Zj 

ofjLi jJo Ji ioji-l oJLa <.Jb jfj t I (J oj!3 ^>*J 

ci L!jlp jjj . (Lg-*-^ */ail ojii jl*j ^f) iJLit 

C~<waJl syrj Of Ujl >-ji <JjVl ^J-^li ^>-j Ailaf 

• <*> >y>.^ 1 ^4 > y» *> too^L 



time (s) 


(t-V-T) J5^ 

Jl&Nl «0r> (B) c.». . <? £• (£ t 'r') ^ j* J±> 

iJWl A*y LI j jlyfcu-^l iJU Jl 


* i\ V^^Kpj C. o ./a!\\ avi jJp Q 
i»J^I(j C . o .. rtl l <jl£ (t - V- Y) (J 4 -: , 4 ' ^UJl j 

. APj^J yi£ ^y>^\ Ijjb U jZP I jij . A-jliJt i'j>r —— iJliJl 

Oj£> Ujj^- jiaj is*>lf-j~» c»>b ^iLc aJLLxJI a J LwJI LiJpt 

. aJUI ( j * < «Jt ( j * \ Y ♦ t A» t*\* tt*jl ji—xNl i)l^-j (ju 


Y'YY 






6 SJ 


ooeJijb j^a Jjy b ‘ - *- *JJ 

I ^jb U U*X>-jj (JliuNl JjVi J >% ^ l5^) 

A * jlilU j^P jil JLaj ba ISI oJj>-lj 1 0j£*> — \ 


(d) |?l: 


JUi 


JliJl i_iJt 


cr 4 u i^ 


\y* jf >• * j\ 


i. A+&J jr« *»/i\\ ojX3 (JjJ? o j£j LoJlp OjIS" Oj>/ a 11 UuL ^^b*-** 

Jji? jlS’ liU t (jljix^Vl ilb>-j ^Ll <ju JjJI v- i^ j ^f) JLoNl Jji* 
(d) C-j^41J ^Lw ./J + t jli A^l^jl j^a -- (JbdXiNl 


jl 5 —- JUxj^I jl5 li[j .- <w 

\ • • • ^ \ • * • 


^ * * 


* . ^ .,/aU 0jX3 (J^J? c)b£ 


, 4-J 


;tsJi 


a 4 


> ■ 




^L- 


-t 


.Jif j( ij\ii\ ^ 


V 


j\jki^ S )l\ iJl>- jP jil -Uj LaJlP — T 
.(d) t - jj li Ip^j bJLi 


(b) J5 ^ja (d) UbLjj>*f ^Jl oUUjJI [^jj>-\ IJla jby 
jf (d) £* b-b>-j ^ llJL>-j Jij . (vl>/i f * * * * jSj^®) (g) j V Y • 

j^a Jj b/ ^ tjljix^^yi ill?- ^>- j^a fJL j jf j^-C V jUl^l 

b*Xp t(d) ^4 jl5 (g) j (d) ^Lw o^b** ^>- jf bJL>j ^ . c-*.y? ^rj 

—— Jbio^y I Oj^j baJXP viJLljj . Lj jiJ JliiVl <» A^ai C.»4> l «^aJl i) j£j 
JLioMl jl5 ISLi o^jiJl oJla >>„i^.) iJUJl ^y> -— - - jt 

“ jf - (JIaxjVI Oj£j bajxpj . jw^j ^— 

, '" c. b * 1 

uyl* (J (g) <j* J^’ (b) a«" ' (g) /.-'>■•-' > V 

.uJU-l 


(g)j (b) j* J 5j (d) <jj j>-\ 3j» 

^'j* jLSii'ifl Tju (d) ^Zja} il>/i ^A* * Oj£j L«-Up — ^ 

ijy jlS' Iij (b) ^^LiJl b^J j . «_p jji jll 

(# 

jLS” lij (g) ■ ** jj■ **b t LJLp i«^^l (_j jl 


rrr 



Lili IJia ja Jif I jlS’ li| Uf . d>/i \ Y * * j \ tV‘ Oii **^ 

* 

4 ^ t i * uy ^ j>JI ulS IS) L,ijl A « , t,. . i (d) Oj-^aJl 

• (i_V_ Y JSwJl jliit) d^/i Y» » • 

Mi> jy. **j OlSj (b jSL» L>/S VY* jtf lij _ Y 

jlS .(b) gjjt j-iJ ^jAj (bw) Law YoY* j 

O^aJl j LfoJi \Y %% ^Nj jl JL-Vl ASjJ 

(gw) O^aJl jt ^ 1»!>U»I (d) Oj-aII iuw)I jSjJI l*i* ijj ■ (gw) 

. I JL>- Oj^j aJI jLlII 


• j/i\ Ia'JA CsV/lf U 

JS J I-XpL^ J_jVl (Jli&l jlS d* > wJi Ij-A ^jA J 

.oVLLl 

a 

O^i I_*.Upj IJbljt 0j£-> UjLp i.^J-1 oJLa JLiJl La 

.ILU 

.La l^Lw J\ ^SLJl JS’ J Lb> JjVl i.>l JU&I j^SL- 
l^jt JjVl i*^Ll iiy i_»*)L>-l jf oDl aa^-\ o^lSil o_^—i JULj 
(J JjVl e-IIS’ Jij . aSj>- J^ £* ( jSL-Jl £jj jJl4 U 

iflY* tY^* iYt* ijy ^jlje ay e>ta aj^-I I JLj- e^LLl ^ileJl 

i-jDl j LU>- i*jjVl oJLa {j* J 5 . e/j vY • 

m* t r**» iYvv ^yoy* cYya* t Y*t* t u** t ^©v 
Jui ijfcjl JL&I U .L/il/ lJb> JjVl JUil jtf, .rtA* j 

tjj . e»VLJ-l J__S (j Sj_ j Ua_;1_ aj oj_4 I j e-\ «£? oL_S’ 

J4» (O-V-Y) JSLiJl U ,£>LJI eJiA J^v Jl. (v-i/t-V-Y) JClJl 
ijA 4-jDI Laj^LI oljiLi^f Lit 1 j IS IaL«—» j ^Jl Jlc 

4*y^\ Ja J IJal ^TY* Jl 1» • 

m 



jl£ aJWI JL&I jf {ja jAJl j b!a>-'i Jij 

.U/j O^L-,A4 jj oULti^l £+ (d)j (g) ^ lapl**j (b) IkjU 

OjSL^ ^aJl oU fojl^ Uxp JjVl i«jJ~l JUil ^jJL! LS'lij 

Oj£j (b,d,g) olijjiJt of lla>-j Jij . La^jJ jj b LuUiAl 

jlj e$f) <j JjVl i^i-l Uau> 

# • 

• I a « w> 0yti <5^J-l jjJ jU i?-jjJl oJla 

(b) j (d) j (g) tAS” j^s Jjj V JjVl of 

.iS j>-Vl iibst ^ > <w J cJLt 


M 

X 


3000 

3000 

2400 

1800 

1200 

600 

0 



(O.V.T) JSLl 

jS'l^Jl oLl^l ci «Jij . olif^J-l L-iiyt J JjV) oUji Oh^ p— 1 j 

fiOA £« (jj- tl > t u) 


oliijiJI ^4 Y i * jp JjVl j* of <Jp lap Ja^j 

. lg-3 JUil ^»ap a ip dJUSj 

. JjVi J JajU JUil l^J «ia£ iJLU oJL 
. Ja/i Y t % <jP J^AI ^ ia^1 ^jiaJl olpj jl^>- jV dJLJij iJLi-l oJip <L*lji 
JjVl iaj>wLI A^aJ b Sjj^>JlI 4JbyJl y* of la^y^l ajb IJLlj 

^aJ of <^*-yt lap a*j .o/^ Yi* tjjL^ <j\j o^^i 

; a^j Ipj <cJ ^1 jJl JaUoVi L^p ^Jl oliU^Nl ^a*j 




A—*43Jl jSIj •» ) ! (jb ^ iJltll i->l Jlftl of Lfj _ ^ 

viJJj5 Lg^t ( jp oVl c5^ ^ A., t5 \Jj .Sj^>JlI 

4 ** m A> (b) ^*ijA oli l-AP Jp f-Ljj . 4 ^>jj o g11 ^^\jj» 

j\>-Vl Oj-^aJl l-li 4 ; . w ,Hjj . (w) j£j jaj (m) jaj (p) j£jjA 

lop ^.(w) Oj-^aJl Jj-1^ of of of 

4jj4-i olj-s^f lgi5 Ijif L^..> t l^^[l>- J Oj>-Ij ^^Jjil o|i IJla 
JS* ^4 J il^Jl ^1 j^Jl J cLUoS* ^>i */? Uiaj . iOLJ 

.(d)j (g) & 

•Up Oj^j Sjj 4.^43I j ^ »— > -f of tl jS'j <jf o?* - “ Y 

. jtI ilu-j j5oJl (ju JuJl JJ* <^Lsa! liji? o 

oL JjJl Jl to L)f (^) 4^J“I V. JL^sd 4.. 1 L> J 

, * 

jil ( j^* 0j£j ijjUJl i^J-i Jloi ofj Lli ^ j ucj jJ i *. ^./-»'i o^i3 

. jliJU- Jl 

JjVl ^ (g,b,d) jS’lj-Jl j&/* ot ^SLJl COj — f 

. ^j£LJl (jJai IA ii^p N JjVl A»_J-I ot IJLaj . j&-\j 

l»yi-\ of Jp ajjU-I vi*U«Vl l^p i-jLi^j ^1 Ji'yjJl ,j^ ^JLaj 
Ja t-I^AI f73 t3 I Aa^Vsi f ^la'.fl AAj^ljt Ai^\p oli JjVl 

. «JJ jf 4l£^l 

ijl jiL. A3^_P aJ iiJDl AajA-I JUil (jf Aj 2 j L*< <_Jjl^ v_jjAt t 

^ f *^l^i — J I oOA I0 a f , Otf ^JI I^mJI 

Olj^jJI eOA jjujcJ (_Jjl>«Jl ^wagj o^l tS . AiJlSJl i*_^-l 

0<La A>-l^-l of jj^Jj . v^.. > ». l l IJla J LftlOjf ^JI iL JaJl ^«a«.i 

J Jl Jjojil — La ULi-t ^Jl js- — (jy >~f JoLiiS’V 

.iJUdll IJLA 

— C7, C4, C8, L20, P7. 


rr^ 





<j oLL-*J i>wj (Stop consonants) oiijJl j5lj~JS 

Jiij ^cij\ Jiij ^yilVl £ljiJl Jii £> (Vocal tract) Jj-^aJl jJLI 

l*j 4 Jaa)I <]aa\ v-jal>- ^lyJl 0^ jL^a (j ^j— 

S # 4 t . 

Cj 15 1 ^ j 1 I ^j5L-JI 0. Ip ^wx * b'j*s^ bot>«3 ^ 1 la,M l 

0j5bj AjJjJLu ^-P Ool5 li[ Laf 0jl3 J^>* c^JbJUJ jtJj Vl 

c ^-43jill <ju cSy-f t3jy j^bJl 

la* .^a'l objj c ^yi-JaJl J^jJl t <uJL*P (J^Ja <J (3j^l 

JjVl o»X~* o^bj c».-»«wj b? 4*P (J^blaj^bl 

cljb-d3^lJl ^ l l 4.*-*L>o^ 1 ^^Jp ^11^1 l«jbkj , ^liJl ^ 

. (Lax) 44 «w »/3 ll vZ»jbi3^iJl j^>Jl 1 ^Jp^ (Tense) o*Aj*X**JI 

(J l^L A-iijlJl ^5lj^JLi 4 c pIo,..., J 1 yaJUaiM ^/3 : >t l " ( j^Sj 

(Rapid energy change in i-iJa.ll y v-isyJb ybU J iiUaJl gjy 
i_i)Vl tl^>-f ja bop ^JuJ Ji) *Lj& l 4j j>Jj jt 4i-j the short time) 
^Ijp- tjji Jp-jJ (Bands) j 4iUaJl l$~i (iJlill ^a 

IJ-Aj . b»L£ iillaJl ^jA aJL>- o /5 Y** • jJiwj ^I 44 la*Al of (^f t 

<Sy^ (jii jJb t yJ3yll ^5L-Jl yf *-*< v i ^al l 

. La3jJ U5L- bjc^M» 11 


JaaJI J1 ^jiJl yaJl ply jyJ jU t i5y^ i-i5yJl jly>j Cjf \i[j 

•f ? » 

(Formants) <>-ji (J Ujj-« IjJo ___ -± ( _ r 5^*Jl; jf 


rrv 



oJlaj (Transitions) oNlioNL C^waJJ ojjUxil 

^S'lj^Jl ^Ijif (wiki Jp JpLJ i*U (Cues) oljLij 

((^bS')) J Jliol ^jp ©jLp oljLiVl ©k*j 

C ^ai \j . (Back) jgiiU^Ti Jl> J LaJ c*w> ^ JUlII ^jpjf ( ^(King) j 

J5 4 ^ £3 ^lJ I Aif oJlA 

((dL—A*i£Jl <j Jlill (Jpj .-laid 5JL>-lj £®jf UiCP"’^ OyjLiNI 
i^pL^Jl oU*a!l Jp iJUix* (lJ 153I) j^Vl ^5LJl iJlj^ (Task) j 

^jc^JLSsJl Jj . aJp 5JLL* 5SJ>- fJl*J -laid jl>*jaj'yij uii^JLJ 

^ # 

jUhuaJl oJjuj b-w> ( fr bJlj c-il^JI) jLS'LJt Ji{(Fact)j ((C-S^pl# 

55J<jf Jb 5Jli-l 6-Xfc J OjLiJj . Jb>-lj 

of Jo Mi frliSl SjLi| Laf t tf-lill ^a <*i iSi^iJO ^a)I Jl iiLk^b 

.jl>«i;Nl jJ C^waJl 0^50 

Jlio'yij jI^-ajVI J5 ^yfio\^a^- i-iLliSl Jj JUl c jJL^j 

'j*s J J5 5^L~a {£J^j jijl Jp (^y^p j^f 4jV c^waJl J-^f aij) 

* u t d ^J I 

•. j sJ£A*e\i~\ oWi\ (\ ) 

jk) ^J a.A.11 4P^0hJ^ Jp < T ><uJjjdl 

41—JI 4*Jj3jZ}\ j$\ y t .JI Jp O^iLqJL^JI oJLa kJO yJ>-\ sfylj o%rj 

f * 

5jjJL>«jNl ol5 l5o^" ®,/• a M5 5j^JjkJM j 

l ^ Jl>* y—> oUK J! iiL^'yb dUij (i: I a, 4.u) 


tA-JUl iS^^-Li jkllj Jliu^/1 uf QC^liCJl O ^-jl5JL{ c jia , ..lJ 0j& (^) 

JLJLj t ol5Jl JUj aSj>- Ss^y^i (Back) j gilU—-f» o 3<—ilSJl { yS>M clUij 

. (JLaiil 0 «jJP V 

M. HALLE, G.W. HUGHES and J. RADLEYs Acoustic Properties of Stop (Y) 
Consonants, JACS 1957 pp. 107-116. 


r ya 



(Whisk) *S jjUcj N <Zyp <_ij Ji> (j 

y^ {j* Sj_^S All olSjA-l U^?»l j o_^j oLJSj 

•<J' J^) ‘Lr!>*4* i/V A^ 1 — WMj 

(j* dj£z> l^i^J jU ljy+d\ ^ ^^3 3* 

N ol$ JLii UlAj (C^w?) 

olJL£Jl 4 Pj*«j£ y» OJL>-t IJL* Jh>-f . eJ&-j 4—ij^ Jjj f ISj 

Jp cL>wj (Leap) Ji* (^y -j) cjiiji jJi dill ojbkil 

4-JWl *—aJt y* OjjJL*Jl (Were gated) O C~>- y>-\ ^ Jajj-i 

jUI Lf ^yr3 sIpIj^ ^ wo^^Vl 

aJL^p tXftj oj^>-Vl oUijill oli oUJKIl c-ms»jP .(Gating) 

( Jp 4-^JjJlJl ^4 La jjj (Jp IjjlS’ ^Jlll ( ^ ■ • ■>aL.. l l <Jp 

.iSlMl 4 A* 4 Vo tV % 4 ^ o C-J 15 -^Sj . 

JjVl Uf 0jjL-l ( Jp Ijjl5 jf 

tAJ.i <>wJl sAa O jZ£\ Jij . itj^*cJl *Jj SjtjJbo ,_ylijJ Ijj ji JJt> 

.jU^ijVl Oji «—iijJl i3lj^i jlSl«) yt- Litf 



r - J nr i # r \vf ? f i*nr iff*'v* \1 h *~* f \ ^ if-<f o 

ttT (x "v 0 



rr 







0-A-T) JSLi au* 

(G) If* jib ^ SI ^> ili* l jJ J jH\ jmj 


relative energy (dB) 



rn 








(G) jiaj ^ il jS'lj^Jl mitts' j J yi\ ^jLi j 



rrr 








(G) I*- jJai l 1 1 j jfii ^i^sj 



rrr 










(r-A-t) 

(R) »tjll i jUiAi'ill >j U> l MiUS* ij tjjii I j4^i (j 















(r.A.T) HSi 

(R) sljll If- ■ * I jS\ i—iLl»l SiliS* jj» <3_/*)! ^jl«{ j 


relative energy (dB) 



rro 








(t-A-Y) J£i 

ol ja (G) J>-jJI Akj Jij jb^aiVl Oj-^n LaJall ^Jv jyd\ ( t ) jJI Jw 
4oLi Jij (P) jjUii'Jll O^aJll La J al l jJI ju J,jy»)l (o) j*—jJl Owj .(Leak) LJS - j 
(Peel) LJLS - J iaJUo ol^ (A) J^^JI 



(o.A.Y) JSLi 

<***• ( w>j jU«j AUij iJJJl 4*JaP oljoVl <—»V—i»t jo jcil Oy SJjJl j jy»ll ji-*_ pl Ltt 

r *^ 1 j j* o*** ' ' '* J £?y J o^Ji 

K= A (f)j 
P = 0 

g = A (^) jj 
b = 0 


rrv 


















li-jp (juS'L** { j^t ys <^1)1 j»/2\*)i\ i)j& of o^i>"LJi 

loAj \ c pj> JS' <Ju (Spectrum) i.iJall J j^Sj iL^k!l eJL^ 

* 

O' 4 bjj^ 8 ^ oUKlI oJla J£! ^AjlaJl JJUuJL Ij^li jm 

Culi ^lj>- (ji J* <J — i-Jj-i-b *oJl ^y» <_£?— JjVl 5*^1 cr° ^-iJt 
£ 1/3 \ • • • • t Y d * Jy> j \<J *k**jVl 33ijJl ^Jcj (Fixed band) 
jU Ji (Was amplified) jS ^ J>\ lJUb jLai 

(Full c yl»^5' ^Lia j jLJl <J (Was integrated) Jb-jJj j«~***a 

. ( ^wave rectifier) 

: J1 c dfi ^ 

4dla«* JJnP |^*a iilJaJl ^l) ol^® Jjf olj^t*i <jL*A^ (b) — (p) — S 
. (^/S \ 0 • * JJ 3 * * J^e) isiiioil Ol33yJl 

iiku J iSUaJl \^i £ jS .(olu^Vl cJJL>-) olj^J jliijj (d) - (t) _ Y 
i5LU jS'lj^ <ui V (Flat) U-jli uLUl L)j£jj .^/So*a 
. (lu^2 j 0^ / 3 t % * * ) JU 33y j3 ilL* O^i Xj iSJ>^ 

<j o-bJ-i iSU? ^SjJ Ic^J oIj^A jf jUiy (g) — (k) — T 
. (Oj /3 l • • • _ \ 0 • *) uLkll j* Aj a kd l 

p-p-j (jjjiJl ^UalJl jlJLS jC ^uJaiba (jv 5j 3jill ^jSo jlj 

cojj^>Jll 4 jLasoJI oLaAjJI p Ja^ca CJlS' lij . J oUSyJl eJ-i J 

j N iLL*Jl (Jj . 33jOJl v JL-dA 

£ 

CjL-LJJI ^j^aJUo y* (j <La<A a) I olis^Jl jI jiaj Mjlll I-La 

jt Libt 4a.».|<a'l (Jj . /S V* * • ( j i rt 

li_fcj . aJbJulJl LfS^Ll* (j >Up aJLJI ob^Jl 

(Lower JaV^aJl <_iU^J ( 4 JUJI oliijlJl J j^j) 


,^>UJ ^1 j iJu*JI .i* (*r\ji 0) 


rrv 



jlJJu jSju La jaj . oUi^JL; jkJ! cSJJl pressure) 

. oJbJUlJl oUijJl. Uj-jAi) SaIa (Cue) SjLi) l$J iJUJl objyJl 

UXp (g) pJ?\j (k) obJl Oii & 

Ifj o ^jJl (_jAj 4-aUVI ObyL| Jj l^if Jis-jJ JJii 4 ob >— aJL£ 

(Peak of jUuijVl i*i 0j£» — ^/i ) o • • _ ) Y * * oDl UjJ-l 
JJ jUJjVl iJ Lf . sl>/i i • * * 4 Y * * * ja ^jl iik^« J the burst) 
j^SsJ L,i^ (Lj/i)Y ,% ja Jit 5JUI UjJ-l l$Jj) Lili-I <b^J-l 
J (g)j (k) joSLJl oV 4>wjiJl oJLa JJUj <J LpliiJl ^Si 

bjL5 j[j fJi? i-^Laf aS^>* L*3j liU ; ^yA jJCj 

Jbo l*Sj \*l U . ^1^3 5 j*”J* (jl A* a L > - aS^>- 

J«^4j ^jJl CUwaJl oV dilij . Jas*-^ V J l 3 jaJI jli A-il^ a£ 

. 4*j 111 I ---Aj^o aS^^-I AjI^» 

Ait»Vl A^?l >-j ijlA £a *-*^*^1 ^ l^-lp 0» ^ J 

t(^-A-Y) Jl^*iVl <J aJLL^VI (t - A - Y) A>«-^jil 

oJla jJd ^ liUll J oLUVl uy oli (t-A-Y)j (Y-A-Y) 

* 

. l^lk) iiA.J» oLtijJl |>y4 j jj^ij yDl 

Jl V * * ^jA ^ IJa- J CjUSjJI J Oj-^aJl SJLi C-~J Jij 

^1 oVULl jj ^.J1 YV* • Ja Jj dj/i \ • • • • 

jy (3j_i)I Ob’ (Intensity) JJLiJl iwJU- LLJl oU-jjJl cJb 

olj_M»Vl OiiJ ^b^ wyw J^ 0 *Xjji ^ ^ 1 0«AjtaX<M«Jl ol_^Vl 

C jIS* ll Xp . J A ^ w ij l ^ >A< ■ 4*>A)I 

4 4 « * ■ /> Cj 15 t-1 i^aJI Ob — L>J y&j SJLlJl ic«tp LJUJl 

(k) i_»l^Jlj (d) JIjJIj (t) frUl i)U- J 4if Li^i jt Jl3j . 6JUJU- 
L«f oJiJjl ^ja a>-j^ LIaJI oU-jJl3I 0^5 ^jc^LaVl (g) 

. y*' j}\ * ^ - u . juui o tiiji 4^1 (b 


rtA 




Jij . v ijwaJl oU-jjJl oJlA jU (k) <-il£Jl 

o«<>fc^ (_^pjJl c.iL; ^Jl oUJL^Jl ,Jp jUis-'ifl 1.1 a iSj^" 

I j* oUijiU ^UJ Uaj . o'VU-l ^ 7.^® j 

^L-LJl^U (J o^S 1 (Intensity) oJLi (^JJl jA £»^JIj 

ij» (g)j 00 t(d) *0) ^ 

. JCjiU-l (g) j (k) ^ oUijJlj . LbJl <aj>~ (j 

^Ll J lAyrj jXj (Acute) Jy*-sJ\ (g) j (k) of Jw->3 *Aij 

iil—Jl jlsxflj'i/l (ju ( JjA IJlA * ■—<J .j^Vl 

. (i _ A_ Y J£-i) .Up 

jjjX ^ l j£L*Sj ^L-il Jl L^jjJj if&j -Jl (ji-tA p ..d i jt ^yL 

* # 

. ^jrfSUdi-l jf ^Jl £^lll ^4 0^ liL£^ I^aaJT La 

\£jh u±> Ui^'b/ (Grave) £jlU <u*oJLj 

(As function of) iblLa <J oJUJl Li>w»j (Spectral maxima) tjCLaJg JCj 
Ja>- p-A»j <da— Ijj *Xij . (0 - A - Y) J5wJl j ^ ^Uljl (5*1* 

oIas^iJI (ju i of j^SLill j ijv ^y^xsj a 

> of Lvdjf Ja>- lu^£ ^ . oVU-l y /.A® j oOjOaIJI 

. (0 - A- Y (J^i) <i***aJl oUijJl <j\j oNl>- y / VA <ju 

v_A3jJl L^i £-4 j i*jjf CJlS' JU3 olijJW? ^jJl oNl>*il uf 

(d)jf (t) £jJ cr^ C5* J**** 5 ^' oUijJl £\jj\ \jy~t Jij .jf -f ^y J (g) 

O^j <J j-^Lb j-A \ C S’) v 4.1a 11 ^UJji J x**y* Ll«j oL (g) jf (k) jf 

Y* ,# 0i —{ ^ iJa jl _iJjl ix^j-JLC «UjLJ ^ <i>/S ^ * • • • iT* % 

(Central frequency) ijjS'^ ol^jJ oli (g) j (k) CJ15 lij . Oo/i t * • • j 
^tj Ji ob:^Jl oJli (Spectrum level) ^yLkll il oU t iiUa3l LjJ £y 
A j JbJLJU 0 jlJbajC) 4i5 1 1) )a - 1 I I 


.(Grave) : (Acute) (^) 



<J oNLi-l ^ */ Ad IJLa ol^ .Aij . (t—4 -JCnaU 

oUSjJI ^U1 4...« -*J L <Uli£Jl pJaP ^Lsll ULa <*$ jl5 ^Ul c-3jJl 

. oUij^U y-JL S*Ia£JI ^ y .. J l (J ^1 <I^i oJjJLiJl 

:o^\fcftV* **IM o\Jw^\ <y>> 

c.^l Jij . ^jjaju l ya .»j oliiyJl ^ oVlfoNl 

yj J,} (Synthetic speech) ^L^aJl ipl^ oL-ljJ 

<j*J^ Ju jjy li* J^-t ,y>j r ^Jl > jJaJ jf U* & 

viDu ,jyj ^p-L^aJl ^^AdJ L>^)l oU»Vl j r >l oNUil 

4^...t (Perceptual) i-S’lj.il v-->jl^ C-jI*j ( _ 5 *~kll ^Adl j U^tLj 
l jj> oIjLp ^^p-U-aJI ^Idl ^jl^- J (jjll villi 

'. A.a.Va\\ o\—»\ Q 

jl^^l l«xAj . ■*!I jl^^ Ij-Ul oJlA ^ I 

i_..- C U Jl>*ll J~^ j*>fj vt—JjUxJl eJlA Ji » J o,3jJl£ 

(vi»/SA*»*) JjJL>«il CuliJl (Automatic gain control) 

Jp’ J. ■> «. : ., 1 1 Cr* cH? ^ (Analysing filter) 

v-Jp! J ol£ *J& 1-1* (*^jj ■ Oy»l»Ul 

^jll <li»Hl v—*L a JJl£ Jp Ijili oVl^-l 

5jJLp ( _^JL>-'yi ois^Jp (_5 y£- ^kill i JL?-J IaLLL>- (^11 oLAdl OJl£j 
*00 4 (o) t (a) i(a) i(a) 4(a) t (e) 4 (e) t (i) t (i:) : iiJUl J 

i*jli C-Jjij . iji*-\j ^tAdl Jjf j 4T..1I 4^U5 jJI c -tAj j v ^J-3 t(v) 
. 1* JI 4 . tfW^ (Jl>-j ii^Ai Jp <3yjA oUdI 

jJl JSlill JA 1^13 dJlaj .JUiVl JbJL*i ^ JS'Lill Jjf cJl^ 

^ld.il,I oJa Jp c_JUJl ^d»t Jij . L j , « . j . ia . H ^*Adl ^jA 

. jkJl j N <'>(^1) j4l J 


,*iiaj 1 jPl Oji (j-***- jlji *- 1 («-^lAl jj 





O') (T) t»; 


( 1 .A.X) JSLi 

oVlSiVl ^jA zSf- ojj^all (_j j^laJ ^jJl 1 'j^ J 

Akij J%*jl JjkJl J ( _ r d>u JP Jb jr 4 

(® <J^v^ c>ko take) (T-A-Y) ())ojj-*aJl jj . (ilpJlj SjIjJI) 
—^— ^ja j&> J_jkf (Final transition) JUsiNl jf 

i_aiyJl ju (J—ij—*—l_11 j. £ c N 4_JLJ-I »j_fc tij 4 JJliJl ^ 

i^' ^J'yr (ju ^yi -1 hj~* J dj-t^ ,^iJl 

t(Y)Sj^aJl jj (Dipthongal pronunication) cJl5 C.ilai 

i>* YT7T •'iji ^ ( B li P) O-A-Y) 

(Steady state jl jkz^ s j\ a]ojl> JjJaJl IJla ^Jp j^ju jf «aJ l . ijliJl 

t(T) 5jj_sdJl jj Jlij'yi #JLp Jju <_$jjl jl£ll ^yu jf jf portion) 
<-dk>«! iJljJl oNUxl'ill txj (H Jp-^JI jko keep) (^_A_Y)j£-i 

. liicJt. olijf J 

j - — — - - V ,jl£jl jj£ll jUil jf ^SjJ jf 

_/*f iiJliJlj ijliil <Jjf (j (Jli&Vl AJaii OjjcJl iJjl^ jfj 4-JliJl 

!S 

. *Sj£-\ Jlijl ja I (Aspiration) 4. : .«a‘..:.1l o jSt-\ jij 5jUD j^-p 

j SlUiil t^jJl (Segment) t.'jA JWO ^jA 4j[ ( JW 






of IJIp 4jL I I i j^t fj^J . I® 

1*-^j —-Uj jf— J-3 jj5o <Uaj ^aj *j>«j y* 

^Ljl 4 la . J jj j\ i«J>*iJ ^33jl)l j5jil (j j^k j jt JL>-lj ^yLi? 

■^ , c*> 

a 'jJl ^jA 30p 4jjbuc (JLiij^fl *’j^~ * *■* * 

(Seat)jf (Seep) (Minimal difference) J3? 0 I 3 oLJ5J 

I jut jl5 li| JUi^l J (j jii\ j^aj m of j£j> c/ifU-l Ji* Jj .(Seek) j 
oLaj^jiil {jA fil y^> l_9 yu |^5 JlioNl yu tl)f LJ-P jli IjJj . 3^>-j (Jj^l 

iaJti L-ii^ ^Jlj J it?Lldl oljJJl f jA (JUa^ (3 iji-Ut 

. 4j4j yj JjL>«j ^JJl jill 

oj^LU JJa 4jli tjUl)^l J ^Uali^l *y?J <j* j♦P jJIjj 

J (Steady state) jl»Nl iIU~ ^ to3JL>c« Jp -Ui*J oJLi*.* 

( Jj* t 4 J Sjjl>ill i5 j>%\} 4^»JLj u-idjill y*j <-i&y dJ ojjl>JJ iSji~\ 

U-jw? jf (Tense) IJUJui iS^-lj e-iSjJl ^ J5 jl5 lil laj l^jbJL jf L$i r ,~j 
olJU) 4j^1? 33 y O^jj . illliJlj 4 OL 1 II <J <J^2sJ^ O^JL^-j . (lax) 

.<Aji -1 <J 33jJl (J^jf ^5J^-I j\y£+*\ 4 J QJLi 33jJ ^ Jif (4l|lji jt 

■*•>/ Oj£j Oij .(Negative) ^JLJl JUi^fL 4 JU-I oJu J 
4Jl^l oOjfc 33jJ ia**jZA (jjf jlAJaA» 33 y y* yS\ 

ilaiJ 33 jJ yb ^ijiaJl 33y jlS' li^ Uf .(Positive) ^L^Nl JlioNb 

(Neutral) iJbl^ L y>-*~i JUliNl oU 33^J jf 

:L^JI LUj ^1 ^bJl 

* aJUJUmJI tJoLid^d I v \ 

; 4j_IoJ| <J — 

4jLjwsJ| oIS^A-I jf (u) oJUXi 45C-Jiij I 3 J — \ 

. Lj-i JUiVl i!IjJLJ ^Ip £-5>j ^ ^^(I,a,v) 


. (Good) J J >1 Jl ^ ^ (v) yj\ (^) 



oJUJL..tJl iSji ~I A*J j\ (v) j\ (a)j[ (i:) 4A..«,y9 55 j>~ C-*ij — t 

«(j^d ^ J^ ( u ) 

JUil Oj^i (p) ^5LJl LaJUp (a) i5 jX-\ Jju ( f ) 

ilUb jl5 (t) ^LJl jl5 oU . LJU jf I 4 J AlUtJlj 5Jlill 
4*xi> (k) j 5 LJl 5UUJI J L-j 5JUJI j 

• c5>-Vl 5^U *1^1 J j* uy 

OjSo (t) U U o_^j> (p) (i*) 55^A-l jl*j (^) 

JLijIj 5Jlill (k) JJLd jf IJbl^- 

. , £j*^£-\ lijJs? ^ aiL of A->a^ Aij. I JjU-- isJliJl 

5j#j^t-l JliU ^Tjt ^1 (u) SJbJLiJl 55 jJ-\j (v) 55jJ-i a*j (^) 

L>l£| <jj£+& 5JUJI I JIazJI Uf . o^l^l c_-JLpf (J 5iHiII 

(p) <jui jjj jf. \ja^ (t) 

. Ia a>*j (Jlio VI 3 jL£| aL^Ijj (2^51—^ I aa 

liiyi j - 

oLiijJl oAa of IJLa j ^+ mJbj . UUalil ^5f 5Jli-i oJLa J 1 Oj^i 
JULj ^UJb- JI (Implosive) 5JuLi 0j£> aS ^531 yM j 

. *aJI J Iaj>^>-j AlP JOAi£ |^5 jl>vdj^yi ®jU[ A>^J 

tyL>-jf vUl 55^i-l o5l5 151 U Jp SjLi| 4.*U? 

: lJL50b 

(a)jf (e)jf (e)jf (i)jf (i:) A*j ^f 5-iJliLl ^ 55^t A*j UijJl _ \ 
: Jd y JUi'yi o^o L^»j (A)jf (o)jf (-u)jf 

sS 

a>*^j . ^s^lj UL- 5Jli!l 5 ^j^L| JliJl Oj^j (p) 

o^i (k) £. JUiNl .(t)^ iJUJljf 5JUI i.jA-1 J JUfcdl 

• lS/ y> ^J5 ftL^L Uy| 



J Oj£j (u) j (v) j (o) 5 -aLsLI iS 'xp ^yJI — T 

( k )j (p) £*) (t) £* ^y*y % 

^jP ^jyj}«431 JL>-I ^ l-Li^ .(Jliol JL^jj V 

. LaJL^-^ {JlXj'b/l *da^l \jj 

: («j^sJlI) (Lax) aWJI oUS^Jl — T 

iilxJl J — 

, 4Ju**Ji}\j AjjjjJi I ^y\j ^Ojll IU-A J C?iiLjb V 

JlioNt t^Liwa iilliJlj oliJl JUol (d) j (b) ^ ^ 

cLUij . (d) J Xa 4 jJLm> ^S"t jt xl^l jLS"f (b) <3 

IJla . <3 Lj-Liw« lg„n4 Jliu'yi ^ (i) Ijlp olS* 

J oi5j^-i 1^ oiili jiioi oU^| jL jji Ji>-^\jj 

* ( u ) Ji (0 Cr* ^^ 

iJllll Jliul (ll) J (o) I Jp La XaLeVt 015J-3 (g) £4 _ Y 

(g) J iJliJl ia^-l Jliol ji l^P j*XjJ . (d) J Xa X>U£| js\ 

Jit aJLJI iaj^Ll Jlxl o^j (u) j (o) xiliLl oLS* j£-\ J-3j . ^-Jx 

JUlJtj (g) Jlxl Ju .(d) J o 

• (b) 

: ijLfJl ,J — 

. 4jLjW»JIj 4jji)l OUiyJl ,ju £ijll IJL/b J i} j» iillA ^,-J 


— D4, H3, H41, Jl, L20, Rl, S19, T5. 

m 




(J L^jJU oL>-f p-j Aj jiaj A—Oj-^aJl 4—lj^ otJ j 

iji^ ii yu> J t f-r j4^J c-ijU-« ja S^lil—Vl 

Jm^I^iII j—JU 4 * pJLAl oijjl (Jj . jJ^ J>J Jp jLj'Vl Oj-^aJl ^Islj 
oj-p-f Jv — >ci jUVl O^-^ajl 4—1 jJU (Communications engineers) 
^^«> 1 «x X^x) 1 I*»La ^ L>«Jk I ^JlP ^ ^ < *‘*** > *^ t 

<-j\j ^cjl>\ lJub jJxjj . LpL*^ ^L*JVI ^L5[ Ol^oLj 

j*X»j . 4JL*aJI oLi-l oVtsf j aJUuP oULJaJ olS oJjIj oVjLJl 

. l^Co oVjUJL La 

L ^jA k+ijm/a\\ ill—jJI JJL iiO VjLJlI ©La Jjfj 
<j J»1 aJL^jJI Jjj£ ^ aJL»^ 5 iSl—j Jl 

^LJ aJLII iljUil . QjjLJLII <J 1^ ^>“^1 cJjJaJl 

jkJt *Lap( j (Jj-^aJl j^JJ (Analogue) 4jLLo ipL^aj <jl — iVl Oj^aJl 

4-Jj^aJl jLjVlj ^JjLaII <j jJj aJ?jJw?j *1jjil ^Lij 4-JLw Vl 

Lf . l^LL^ ^JLjJI oLa jLLlj t.*jjll ^L>l pj 4 jLL>JlI (^j\j jJl i^-i^Pj 
L aJ? }LU iJlw Vl ol j-s^Vi J juj c^c JUb <. iiSLSl aJjI>«1I 

^L»L olj—?Vl ^Ll ^ OjLil 6 La cJLk JL 2>- Ai 

. jLuVl ^Jl oLjJI JlJLc aJI oLJu 












<» 4 »UU ujak 


(Acoustics) Qu^kll aJU-p 

1*1a ^jc*j . A * 4 3 1 A^j j^aJl ob-jll AP y*±£- ^ilJ| 

.LjA4 ^1 oU-jll apj^j (Fundamental) ^L-VIa^j-* 

^Jj3j IfAjlij f *$3l aJL>P Ifclp ^^4 j jJl Aj jiallI oJa ^ 

.1 ll *1 - ?l_ 1 


aJU^jJI a-^Lvo a>-j4 ^joI jJb 4*JL4-*J -Jb Vj 

«J^U-lg A>jil oJlA .(Carrier) *JaU-I» i>-jll oJLa apIJLII 

AjpbVI AJa>*ll fjL> 4 4!LA ^Jp lJl*^f 

A>-j^ — i>-jJL!l oli Aj JjS cL>Jb£ ^yb jLj a ] o ^ ai\jj oJLa A>-jil 

£j>-\ o^>-fjf JypUJJ gdd jL^i-l I-Ia ^_jU- J,|j_aU : .~j 

fcjb*li-l 4>-jil AjidljJl oU-jii ^jA bJLP 

ol>-jil jJp jjfcjl ULaj . A-5jii i>-jil jllp 

of A>wlJl 0 j&J . ^jA dJUi ^\Pj L^pLJI j l^C4 J5 A^pj Ajiiljlll 

jJd buJ ^j>-f Alai- ijA Ojliu li*>\l>-l J^U-t A>-jil JSLt < aJLl^ 

4 * 43 ! yS\ ob-^il oJLa ^ 4 —J j . ^Jl 4 -J 53 I yS\ ob^jil 

.(Message) «aJU^)I» 

. tj*JJ* (JljiUl JL*jVb l^jlil jp-\ J>J <Jp Aj Ja Jl 

aJL-^J l U .j\'&*0 0 jj-s0 ^Jp lj*4«~t A>-^ (JL^jN) IJLa ^JLkjj 


Homer DUDLEY,«The Carrier nature of Speech*, Bell System Technical Journal, (^) 
Vol. 19 (1940), pp. 495-513. 



A>-jii <j IJL>- AlaiJlj .i^Jai-ij JaiJL ^ ,- mj ^ Jiw3 

a 

Jb >-jj j^3 Jai»l Lai ^^jLa oJL^,.* ^Jp Vt) 0^ jJ ^ 

J^JaiLlj JaiJt olp y±>*-£ Oj^9 J5 J/wu ^Jp rrlla^l Jij . l«««w Jjj-U 
Ja>- frllllj ^jcJl^a i tbJlj Ja>-j 4lad > < j - a Ai^^a ^JU *LJli 

J^jJai-lj JaiJlojl* Jia . ^IoSj&j JckliJj Ja>- ^y> AJailj 

aJLp J-at*Ji ^Jlll ^JlJLlJlI li j>- Li j>- <wl£Jl <JL**»j| 

.oIjaUL J-^jil 0^0 ^jJI oLJKJl <J \ uijjJ-l 

aJ Jlj— 1 > JjVl of ^oljljjJbJl 0^ c3>J'j 

oJjb oli laf a1i4j ^ Ja>- p-j 4.1a 4 j) JL>-ljJl Oj-^aJl oli-^ 

J—^3 JjalA-l £a 0>OJ ^Jl 4^431 jl!l ol>-jil ^jA jJp j Ji*Ij oUs^Jl 

# 

iJailjJl oU-jll oJut iJp <w—>■ cijJl J AJj^aJl oUnaJI 

tiXL ^jp ^^4 A^cIaJI ^JiiT A*S^ll A>-^ll o« l^ U^ J 

jU (J^U-I) 4la.,.-,.11 i>-^ll dl£| ^PjJL 4iV 5^11 Jtf 

.ij~£}\ (J cLLLj ^jp <_oizic 4>ouil j oU-jil 

IA ^Jl 5jjiiJl jJL JL»jVl IgJp jJI AjjJiJlj 

oImj A^-jit oLw? U* aj^J iJt oJLa J^-Uj . ^A£Jl 

. «aJL*jJIr 

Ojijj^^ ^uf j^A^u ^aiwi Iwi.kj jJIj juyyi of 
A>v^tl J* ^f O—.J AplVVl aJUp jli ^ .4PiiVi 

(J1 j ((aJL-jJU A-iiljill oU-jitj ((J- 4 U-I 8 

awaw (^AJl t A-j sJI^L>-^ 4 Jl ^^ 1 IA^3^ 

•jd^' j^r 

- * 

L-iLi^SI jA>j tj^JaJl 1 JlA ^y» <SjLmjj\ J l!^JL>- ^>-1 I jjiaJ ^5sJj 

( aJU -^) 1 ^ a*a 3Iji!I o>L>-^ll_j ^bJl L^da^ljj 0^? aJL^1? 

(_j a!wCiJ> I (J - ^* •jjS'jU JaiJi N (^) 

.J-Udl jyjJl IJU 


rtv 




ofjL-j ^LJLjj (. jL-J ^j^"j Uj-aj 

. ((^LsaJl 

Jij. (jL-jVl jiaJl jl^>- JlJlaJ AJa^»l jj jl5 JLib tdJJi Ut 

# * f # , 

L*>L*»l L)j^-> ^L-jVI jiaJl jL^>j JUj^I jL^>- 0* u>-j 

* 

J^Li-l 4 >jJJ t jA oJ&J 4— : ,^JglJcaj OL>y L^Jl^a 

jlp- d* — «>p-ij J— J--d* J"* :, *0 .i-SiljJl oU-jllj 
Jif ^1 4-islyJl oU-jlb lp-jjc J^U-I is»jU J£-1 j (Modulator) 
i ..*Ll (ilLrfjj ( J*»L>-) iH5ol>- y* ii»lJL>-| A ^ . t' . l l Oj£jj . iJL-iijJl 

i^jJl Ja-^l y>j) _^Vl jf OjiJbJl JLL- jlS" <dj- 4^3 (J JJ I I 

. £-aLJl Oijj ^>j>-jil aIj^I jf Ol>j-a 

t'jkj jL-J-l xi of 4 j^L5 j-n^Lp iJljb jf 

JJ-UJl ^j^Xj . (jL-J^/l <jJaJt jl$>- J «^j>j^ LjiS" $JtAj . j+Jadlj 

Ij>oJl l-i> <^P IpU JjAJ 4 j^WI J^llujl oJUb :>j>-j <Jp 

iLjJp o jIaJ 4>Ua!I ilL^Jl Oj^ J*al^-I if-jll ^LJj U^t (^) 

C l *.«. ^ £-aL*Jl |» $ ^jJ (Jl^-I 4A*Jaij . 4pLLjl jf <431 4^-j^ (j Oj<3 

. iJL-jJl ^ iJL>- ^U-l 4^>-jll Ji 4jV dJJij 
USjLu jkJl -Up viUSj «J*U-1# j ji ((ilL-^Jl)) gbj[ j£s (Y) 

4 lla ■ *1jj (JjJl j>«jJl ^Jp frljJJ JL*»>jJjf V^aJl jLjVl dJL j£ OjS 
^ ■g, 4j j c o LjLSJ I OlS^>- fji U-Up La j> I JLfcj . ((4^ijJijJ I J) 

.jjsai 4j[ ^ji 

j^aJL i5jjj 4^Jj (J^U“I i>*^il c5?) Oj-^aJl ^ 

^ry ^ Jlilt 1 -La <Jj . JJLwjJI ^cUJ ^Jl (<u l o ,*J I e.^ (3-^VLjf) 4JU-*Jl 

• (J-^ 4^-jJL ^J-oP 

? 

j»-ill (J 4«./a J Ipjj (J D ot ^ 

(J * 1 •* 1 "i (jji L« 0jL*J (jla’.ll iaj^AJl olS^d-l Aj^aJl ftUdpVl d 


riA 



i L®Lc 44 ^Jp . Id^UaJ 3^>w^l 

1®JAP ^JJl jP iJlAj . Jl^-I 4»«>laj Oj-saH £jj <j ; 

jL^>- Jli-i dJjb <Jj . JliUVl ^®l j <J ^*-Ul l) a ^ ,j 

4>*ijf ^jJl Oj-aJI((J^U-Id Uf Jaii ((ilL-jJU (jLJNl (jkJl 

jrbib «J*U-I» AjL Lli t (Modulator) : ^jadl — f 

v wJL L cJ V ^!^3l a-JUp cJlS'ylj .y-^l J* l<r^ *[>*' £• «iJL»jJli 

^ji jL i>Jb£ jf y® 0^ ijtj i /a * n ^ <ji^* U* 

o^ & A iL>Jl 4 >*AaJIj (jla-j* L® >«> 

. ooLJUp IJLP ^_ AJllaJl oLUjJI ^ y JKJ jL 5JL*jJl 

AiJliJl 4JLo-*Jl *j?rj ^*A*J l^laj ciDij ^yVl Oi^ 

(t ( J-®li-l)) 0 j£j d)f (wJUaSJ aJUjJI oJlAj . aJL-h^JIj J*®l^-I *AaS> 

£jll A-JUp iilliJi aJLjJI <Ud Jb-lj Ja lmij J yjl® «iJL»jJlj)j 

£ 

jyVI ojp ^y !*S . AjjL^jNI Jjla.ll ^LsApT j A*i-oP ^yj 

: Jljxll Jp 

(Carrier) * yu - 

je- J^l g~jj .jj&j tj'J*** : ^j JAJ-I 

. AP j^rfv ..,-* 4 jJj^ 1C (, c»» JoL jf aJoAj <J t A-Jj*a!I aL^OpVIj *1I 

dr 4 ^y Oj^Aj Ajt c ^»«fTyJl JUbv* 1 Oj-aJIj 

A-idl^J oL>-j^j Aw/L^f Jy® lj-v® Oj£s5 ^Ji c A-S'jll ol^jll 

^Jl A^jj)jljjVl AjJj^ ^fp ^r.«.*.«d ^j-®l^-l L®t . IA J.^> V 

# ** -f - ^ 

l^Jp Jjf 4 A-S^^ll C*>t>-yil ^jA APy^jtf- J dJU-15^ Sjj^’ A »ii 

^-Pjj jfj JUJil Ijla <j LiU- J- 4 ^*^ iijXi of ljji>-l jl5j 

. oJj>-Ij i5j^a ^ o^ll jj-^>Jkl j!A>- ^j-® (J- 4 ^! 

. ^UJLJ Jawf *(_£jlill ^U.a.V.,4 told cLUJbj 



Jij , jJU<Xa ( jp OLIO 4 j>wj 1/ 1 ^ S' Jali-lj 

? # & 

4 iiLlaJJ jX^la ^jA (AC) labial* IjLJ cLjLj.^ jJUaII ULa Oj^j 
iiijJaJl oJL^- jLJ jf 4j jLiflj JjL* 

. ^LwaJl ^LJJ A3JLA 

^JJl *ij^l jLj J J*lA-l Oj^j a-^nJLj 

jJLo U l^v4 4 oltill ^jl*J 1Jlaj . jlI j^Lm» 1» jbJjJl 4 joju 

jJLo Loj . ilL-jJL jio L® lfi*j 4 j»laJlL JLo U L^*j J*U-Ij 
i>-jilj . j^J-l aJL +£> s— ■«*■»" obJlO ^jP Oj-aJI jljjVl J^-JJ jJ* 

ajlA Jj 4 Ob^4J 4~-*L*f A>»^4 0 JalA-l JlC ^Jl <S jil 

iJLp 0 (lp-lll <j iaOiw-Al iiUaJl 4^S* ^f) tpla JS^ ^L*j! Jib Oj*>-Vl 

i<Jb jb 4 0jiJl IXpAj SJL>-j 4-JlIa.o iS JLl i>jil jf ji JjO 4 l^L Jbi 

AJiilIj JUI ^4 —-— vll L j ^J JjVl -UAdl^Jlj oJL>-j y dlljl»«J ^L-Vl 

^ <yUl «>• — iillillj JU\ JA — 

\ • “ > • 

* 

Oj-aJI j L^*j a ^ 4 jj^j oi ajjaJJI oIj-saVi j 

0 5* 

J*^ jr* lc^ tviilSji-l £• bj4?J 0^* <y) 

of La <~*£j (j) Ji* 3 j^>JlI iLSlSL^-N! olj-^Vl J viUij J^U-j 

* L& ^ »w^>w 

IgJLai* 1^3 J>-OlJl ^4 ^>-[ £jj (jy>j 4 <>wii 4->0 j jJi JaisLt ) 

^jVl ilUM (J AjJbJlJtj . ^Li| aJ L oJiJ ApxJu J^JLlt <uJL^> 

OJ)>,A)I jUjVL IjiiI jLlSl jjji A>WJ Lililj 4^Jl^ 

J^-JJ jjb . iJUJl 4 JU-I <j L*t 

Jtjh> (^Jaill ^j*r f Jl J^LLl 

.<pli0J[ Syj frljil jLj J 

oUI>Jl 4-iliit J Jo-L^ jJl igUJ^I jl% J-ULI Ov JaliLl _ T 

Lla I^J 4^>-J^al^-I jOJo jf ^^>-f OjLajJ . AjlkJl 

U Let . JL>-I j nji oli ol^. f-Jb 

ro* 




pjJ Jjjodl 4 *JL*p ^jp jf ^ji)l (J o^i>-l 

jt >*-+£ dll jS . aJL*^J l Ife^J jJl ^yb <_£ y>-\ h>ry *j?rj 
( j~jCsS\ aJLjJ A_->«-.«Zj jL/j| J e-A3^Jl of 

<f 

S^jJbJil aJLJ^/I ojJlaJJ i>wJ Jj t JL-j| <j liiy> j~*i ^ 
Oj£s**t L^iLi c5 jL^S' 4la. * I jj i^jil • *I^AI 3jU 

. l^ul^ l$J Jb JUa l J&jj Oj* ^TJ** 

\^}\ _ US 

• ^ Lu A>"^««L) 1 ^ p I'jt » a 4 J^ Ifl *■ ^ ^ 0 ^*** ^ 

. 4u*AA O^luLk^ y^L)j*^> A—»f {£y*** { $* ** C^f ^ O j * /3) 1 l«X-A ^J-v^ 

. Aji ^a Jb ^ ^fLA li j^Sj> jf (Jyi 

* , * 

jup oLJjJlII ^jlp <j Lai jf S^L j jf t l« ojiil liS^J ol^^jcJl oJLa o j^j jJj 

# 

^j£ ^Sj oljJcJ! oJjb JjUj. U aJoaJ -Up IfpLJt J UaaI jf oLj jf tl*Alaij 

• ilL^jJi Jlc \£j >-f 

• (O^d 

•jj&j u*y*V <y 

^ L^L-XO ^JlP Jb Jl^- ^f _ J^U-I ^ ^L-Vl A^*^a 4^-j^ -b-X^ — T 

. iollll 

-bii 14 « dla'.JI 4^-jll Aji ^s— j ^-U1 OjO^- _ V 

. v_oJ V t jf oLJJI ^ 

^J?Uil Uojlp oUaJ aJx^I y Ji _ i 

. Ab . * .* ajj^op oUUp o j& ^1 

jjp ^jl o!Jija tj-ali-l J 4 : mlatfli jj^ ol— 0 

j-IaI3 Alij^ 0 j& 03 oljJcJl eJUbj . olli-l jf ^wwajJl 



JaU-I tj* J >-1 Lp^j jZjCA 4 aJL^U 5jIa! jf 4 JaU-I (J OljJo 

^jA AjLd AjLaJJ , AaJL^ 4 y w A ^Jl^j ^>iJl I c 

JL^tJlj JhiLlj v «alaJI <aL«. ^ ^JaIj>- J^JL <jt 

oo^13 c^tlj jJ Lot . aLjJ? o jIaI oNIaaIVI oJLa OU IS[ 

LaIj!j*Ip1 a! y»^*J . Lj jJ ^£*Ul ^JaI^I (3 4,2-J^a ^4Aj 3Laj*Xaj LjU 
*# 

.ei!L*<jJt» j^ju%x Uli iitajl a>-jJI Ijia 

aJL^aU frlJjo! ^j^- Lj^V c aL : ~.» jJLJ JaU -1 jLipM aJL-pj 
aIj^I jX ^ A-i ^jJl jl£iL JaI^-I ^jj JaJ^j . ^jj ^Jp 

oLJ U p ^jA aJL^p ( J5 j^iaJ jf j£JLI ^jAj . Vj-^J' jtljVi dUS <j lx 
j^tjj «j» «o^a]li ^jii i<jj>~y 1 J>-J£ll oLLp aJU:,-* J>-jdl 
\ Jb>-JcJl <J U p ^jP aa!i5^ ^Aj J >^1 aJLa-P 

. jLJJl 4JaJal* (J (^^>*Vlj Oj^aJl jljjVl <j L^iJb>-[ 4i)l£l>-'i/l 
• 4 •■> LaJ 4 ^gi I^s^a aJL*j«j t^LoVl i>-jj jL^-l l*f 

i»-jJ i-jikat ^JjJl IJU oU-ji . 4jj-*aJl jUjVl j yjj d»l4»-l 

aJ ^LjLx 1 j+Sj vi^JL^ ^LaVI A>-ja Aj>-j^ j i)\S lij . ^jaLaVI A^>-ja 

ol^-jll j ol^JcJl jjp *LJw»Vl ^j 5 Lc aJU 4 a^ajI^ i!l oU^ll j 

A^-jA Jj a A^-^a 1a aLaIS^ AjjAdljXJi 

*j>- Ljif Lj^Sta JjJl AAb>xIl A««»A«ll oNli'l 4 —LLwHj LAjLl>-l ^jaLaVI 
jLz>-I ojjj^aJL JLStJl jf (wwaaJI jf old-1 ( jp ^/-aiLU t iJL^^Jl ^a 
JlAj . ^yaJal l l j^J.1 jufci J-Aj >»Vl Jb .JLaUa ^Uf irjA 

oLpI ji JaIJl>-| IJla jj^« a!j 4^..>- 4 JUA.UI (^/vxJL»aJI ( j^a IjlaaJ jLS't a JL »p 
U jX ^Jl A^lJ^Jl oLpI yUJ i>wjJ . aJUp LpA oJaua Jyj 

AAjI yja A>^jA 4^*3^L^ taU 4 A-jAil^lJ! i^LAj JJl ^Lfljjl ^JaL^-I 

6ja1 a^wjj . 4-j^L^aJ ^1 talj (Oo^i) L^pIaJjI ^Ij Lg... a Lj L-jJj LpIjJ 

A^S'^il A>-^i! 4^J 1 ^ "i** M 1 A*A3^zJi 4^»ta-^il 

ol5jJ- aaLz>c11 vJjJI oLpIjaJI Uf Jix ^1 


ror 



j%iu jLJJlj ^CjLiJl^ 4xll9«il Agjj*i<a)l *LMapVl 

.SA^>- Jp Lgil>J jf a } j £L* * j * A.J.<»P jJi C*>l3jP AjO^- 

^^LiL ^yiiSsj aJU dJidjcaj aJUM j&# oLJ L ftjJl oJLa oJlS" li 

. UJjiJt A>-j <Jp 

(Modulator) *. _ \d\5 

jyL^P ljj^9 (J — LU [fS _ J^»U-I jL^jVl J 

Sjji Aj^\i>-lj) Oj^ll j&j* jl^>* ba.up ^u»J of 

f # 

0yj^£11 ^Ul Oi^ . (L*jijj^ d ^ . > o ^ti-l 

jLJl jLdl IJla jj . J*«LA-I i>-^ilj ((^la;il» ^Jl SJL»jJl 

a^J ^ill jl*JL| jy^sai Jlcj aJU J\ (JSoLIj JiULl JU^JI 
IjLp- of (J eJlfc ^P oL-j'i/l OlP aJUp .((^JaJlLg 

(Modulation) I A^LgJUJ aJL^jJIj tS*^ jA lo>-lj 

. j^*Vl oJLa Jm^23 ^w**Jl ^jA bT lOAj 

j^iadlj . | JauJJ oVl . aJL-^JIj uy J-r* biy 

CU3jJl AjL (JjJiJl jSUll (JLAj t v.i.l.«>cjC aAS^ ^sla^ll jA 

jl^>* la*.* iJljb 0I3 t ^yl»jl^i-l J ^TJi 

^Jl frlsAP-Vi jf ^JLaJ UoJLP jL-J^I JjJaJl 

olS^ lil L» jL^-l j ^L-Vl i>-jil jL^-l j aJUjc^J *Ja^ ©j>oJ-U 

"* £ £ 

UjJt 


— F9, R2, Wl. 

— WEGEL, R.L. (1930), «Theory of vibration of the larynx», Bell Syst. 

— Tech , J., Vol. 9, P. 207. 


tor 



ji\ (5 y£ I*La ol^ ll 

ofj 4jjJL>*jVl ^ ^'J *—jJl l)^ U^ji J^3 A^^bj-Ul 

iJjlica jj—»j *wJL>- <^i L-^LjI AjJJL^jVLj c/fcUll 

. l|- oV^Lxil ijUSj 5-jjjJL ajjJ>o^U 


jyA jJ I ^.,<V. Li 4 ^» ^*J I ^ LiL 1 < 3 j Lla f« xj ****3 I %ii^ 

l ijr^ji Cjv 


( p 2) TU^ - 

(u) ^ AP^ 

# 

(U|) ^f- = *1^ 

(R) ^ = i»ci)l i*)U» 
(S v ) j;- = Jl J*L« 

(S) ^ J*U* 

(n) J» = O-J^UI J* 1 ** 
(L c ) = JUi3l ^UjjNi 

(T) ^ = Olfc^t OjjJ- p*Jl j*}\ 

il = ik£JI 


( p i) \ l y > = -k*-^ 1 

(A) = ooJl o-l—• 

(A|) \,jM = L»L O-L-il 

(p) o = *iy>! *jts 
(S c ) v -^ = ^LiNl J^lo 
(L) J = Owi ^AiJjl 

(W) = o y>^A-\ ojj ^UJl 

(L) j = (^Li'yi Jjy) oo*i> Jji? 

0) j = O-jJ' 

(Q) -S' = iSji ~I i~S 


: j* iyX> b> £ i U ( \) 

L. FLANAGAN’S, Some properties of the Glottal Sound Source, Journal of 
Speech and Hearing Research. 





(j A-JL»jJ A-jyJaJl otj-s^Vi ("J* 

l^pUa^w*! 4 ^ab-Jl |J& ll <^„NJ I 

Lr o^l ^JJI .Jl% ^^iJl £1 jii\ J^b tfLAbj *\ji\ ^ 

^Li!l ^j/a*«\\ Jjl>- Jij . ej>tjJ-l J^b iJj^aJl aJL^aJI i^!>> y> ^ ^^ 
obliJJl JkjSK—*J jjL^dl o(J ^bw? oj5w» jUol i^ljjjl oJ^- 
J^“b Oyjjibil . LfU-lj^ Jjf J ^ 

4Jbr a>^S lxi Uiij a. *>.la ^jJajJI <JL^p 

. L yuJaJl ^*>bsJ! aJL^j J 

aJ ^ijj oy^>jLi (Analogue) ^$5 JJbf apIu^ Jjb- -tfj 

IjU viDJJ IjJLwcu^lj. ^jJI lLUu a—U oLJio fi-ljjkl 

“ fi 

JjIaJj aJjmsaII jlJjVl (J& )ojk*p S^S (Voltage) 4jj3 JjL*J L5Lj^5 

JOo JLii JJUil JSbi Ut .IfUb 4pdl *l>l a^ (Wattage) a^5 
AAj^J aJl oJjh a! jUtj . bol*jl ^Lij ( j^l AxJ-L jJ^Oj 

jl^JlP ^Jl) o^*biL 1^*13 t ^>« m > >lib Aa^bJ 
»iJj • aJL^P frUjf ^4 ^JLp ^ 4 la * «/?j 4-^5 

; JUl JSwJl j ^flii ^Jl ^^jUil 



O-Y.r) JsLi 




j*—*<jJt (J j^iaJ ^ ^3LJf jU 4 ,.■■■■ I L) SjjSjAI ^j-jjUII jJj 

: jjUl 


fi*r 

jUjVlj jUjV 1 iiL-ll — \ 

(JL- U 

jljjVl 0j>fc4Jl J Jfb — Y 

p- H 

< jCLwJL)I ^>- kJj+&}\ jlJjVl ij* <u*^a)I J^k — T 

,Ju H 

JpMjOI ja jlai _ 1 

(Ju Y • 

J>-|jJt SJljAl 4 ; ./l5ll J ^0 — o 

f-" 0 (ii ^ t>* 

<_£J—jl OcJtJl (J^k — *1 

1*1* ) © 

J^ljJl JA 6j ~Jl vcJLJl J> _ V 

1*1* ) • 

J>»ljJl c5j—J' i-juiJl ^Li — A 

r-r <ii y 

^^oJl <U*JtJl Jjk — ^ 

jJU )Y 

J^ljJl JA iodJl ^ki _ \ * 

1*1* ^ A 

^ 4^a-JL)I J jb — \ \ 

•v 

ijC.?* *t>)l — \ Y 

JU ^ 

j***Jlj AJjJI - \T 


(Volume flow) *ljll >■ iiyv> ^p-jUll oIa J-aajj 

43^*** 4 ■ ^ 1 {J* ^4wJ l . /3 )I ^o 1 i 

cJl£ llj .o^J-l J>-ta *1^11 4^J" ^1 (Impedence) i*jUil jlJLL* 

,Jp j»UiA v yi j*a£\j cJL^f Jui 4~*yS i+J oli c.—J (Phase) i»JL>Ul kp>- 

• (Jr - 


ro-v 





(t-Y-r) 

j \ jj VI e h .ai * »j 

^Ul *1yiilj 4-jj-iaJl 
Jlpf-VljA-tf* ^ ^ 

<J^aJi jUj^U *I^AI jjj* 

\l*c&\ ^ ^d\ yU~tt\ Q 

(P 2 ) y o^J (pi) \\jP ^ Lft^pfj oj^xJ-l J0**f k^J l 0^ 

(U) ^ ^ i>ciJl J (Particle velocity) ^^IcAL^-i^** ofj JlyJl <J* 

Ji->»V yjl ^Uaill ip-L^a COlS* iSjj . (A) ^ ocill i?-L^ jfj 

(J (JjiJl Jj^jLaj ( { j *») ^ (iO^*aJl jIjjVI J^f t^f) 

11 J^>- I^Jw* <>d!l J*>1>- t^-iUlj T( j^ (. \^jJ> <ju iaJiOaJl 

(J *lji! ipCOLS' lit. OJUJlSj . (^y $Lcq jljC*w» oU ^ULj 

(Kinetic energy) IS iiQ? jli j ^ jySi Jit i>jOVl 

0 i^Jw? A>caJl ^l*jf cJlO jJ cHJiSj . J^r of 0 ^^ 

(Acoustic disturbance of the medium) .L^jJL) ^U-Jl i r cJb 

jySi Jif (Mean flow of the medium) Ja-^jJl ^L^Jl i~+S <1)15 jJj 

# # 

(Acoustic disturbance) LpL-*/ L\^a*J>\ <j^» tOj-^aJl it-j— 
of Slj-L» 0 ill^-l #JLa Ji« ijj . *>cjd\ J j>- ol£. j SjJiL^ 

^jpjclj . (Incompressionability) jljj-Jl aJI>- lyrj ^J& 

& 

4>-J^U 4.>«.Jj L^_S ol-tdi V Ajfj c ioU AflOtJl (^j^f (j *&y Jl of L^uf 



rov 




*jf -U AsOjjJl (j eljAl 0_b>-j iiUs ji_jjjiaj! ojjb (Jj t^*11 

: jjSo JUIjj (tct^ “ >o^) k i i J l J j* 


(Pi - P 2 ) = 


- (r o* >u*) 


iJiUil jwaJ ^Ijlwy IfcJ^kj iiLJl itaUil 


pu 2 = 2(pj - p 2 ) : 


(t<> - = T C 

J* u^jWl wi 


(tu> - \a*) r 




(T) 


2(P, - P 2 ) 


y [ ( T <-»^ y<j*)^ 


Lf -J U- Ju kiwall J j'jill 4-*-i 1*^ W f AaoiJl i*jli> Oji 

: jli = -£ cJl£ lij . (Q) v_jL—j'JI <~+S (31 (y(_t^ — \<_r < ’) 

„ p, - p 2 OP, - P 2 - <t > »,> ~ \<j* 


j~A> ( j^i X Ail— Jl (Y) ikl*ll (jjJa jju 


AU = 


2(P, - P 2 »3 


(t,> - v.*)T 


H— = 


yj\jj ^jL-J la ipla 4l^ jJ^Jl AillaJl jl tf>l j^i Ijj (\) 


Jl * <jl <H 


= 4_jik Ji jij (4 ^j) **\ —Li ^ r ^—' ^ ib^ 

. . . 



jli (y Sji fj»j* 

' 1 if -Tv' 

2A 2 (P, - P 2 ) T (t^ ~ 'U*) uP*” 

AU =<-> <->= 9 j-i 

O •> . ^ 


2A 2 (P| .- P 2 ) 


ySi gjj j~il I 0>Jl ^ Y JtS Ui*^' 

a 2 u 2 = 2AZ(P| ~ Pl) (T> " ' > } ^ , yr 

•’• jJa-.jJlj ui»^' Vr*^ 

a 2 u 2 = 2A 2 (P, - P 2 ) < T > - ,» V T = ^ 


••• ’tV > * 

(r,> - \,>) V T 


=-^ ''ll cJtf U. 


2A 2 x R 


r* V'f 


.’. oUa-jJlj 

pAU = 2RA 2 f^Y = ^ 

•'• V Y <> ^^ kJI 


■■ L* 


= -S’ cJlS 11 


r 



pQ 

2A Z 


-S’ i 


= r •• 


( r) r = — = — 

2A 2A 2 


iajlia LL?J 
; owJt oJLa Jp U 

# t 

olji oV o^iJl oJjb N aJUjJI <u>-Ul ^ja i Vj! 

J*j 4>s1aJ( «t£l <j ui j>*^Z& LfcJL>- <Jp ^jJa-sOJ 4 ^waJI <Jp 

JjL*f La Jbu ^Jp Lp^j i _ ^ L^IP 

tljil oll»j^ ip^ dj^s^t (Vena contracta) j^il IJla ^^alSJ JUpj . 5>*iaJl 
( *Jai« o-l—« b* (U c ) (A c ) jf Jpj • «A?-lj 

0j &j*3 aI^li 

V tv^ 

<j o-Lil) ^j-^j ^^LJLNl -Up i^Lil • L)f 

Oj& (^>*ia!I 

(1) ^^LajNI J**L*-4- (S c )= ^-?-vl^(A 2 = S 2 A) l ^^_>- = v ^ r - 

jli (U 2 = U) ^ (>) = ap^JI) ^^CJl5 li[j 

(\*) itaL*ll 


2(S C A) 2 




J^L>» (Kinetic energy) a£ f- iilt Jl Jaju^Jl aSUp :L5li 

ip^ OjSsj IJl^j .^Jj i>-jjJ __ y~J iiUaJl oljuii 

J-*L*^ <Jp jjj t (T) j jS'i U Jil £S!jJl j 


. «Lj jiJ ;LfcLic* ( = ) iObJl »Jla 



jU I JJj (Sv) y <CP <9wj L^UaJJ jM 4PJU 

• - . jmr. . .. / Y \ A \ • l I 


O) 


u = s v 


2(P, - p 2 ) 


p 





PQ 

R =- 

2(S V S C A) 2 


:(o) iliUll of 

Z» 3 

\^r r 


l»Jj <Jp taUipl UjJ_ ij (S) ^ 

: OLi (S = S C S V ) v -*■ = £ 


(V) 



s^J 

V c )T 


<JlJLi)l aS j>Jl!j (ee^JwaJl oUxliU ^£*f 

* l/l> ^ JUj J>-b 45^-15) 

fi 

\j3 0^5 ^jdLU Obj-Jl 4PI 4>»lw> 4 0 IjJLP ! l*Jb 

(Kinetic energy) Jul^S c_Jj cALjJLl dJL>y£ J i>jjUl 

oUtjjjJl J iLUJl ip^JU L^oJl o^Sj N (V) j*ij itaUll oli IJLAj 
j«^*P <Jb*oj ^3i ^^jP iajlid jLlp'bH ^ Jb-b ^1 IjiV diJjU . 0 j « * 1 

: JLJl _p*Jl Jp iS'yLt iiltj i>jjill ja J£ (Linear) Lk>- [£y> Jlc 


p° 

(A) R = R v + K - 

2A 2 


OJT 



<i+3f= r 


. bob bop = (K) J t i>-j jJJl (R v ) vL-^ 

L^bJ ^ jf (Hagen-Poiseuille) 0 y\i jj*tj 

# * 

. ^jatfll i?-Lwo ^9 L^PJ ^Jkl JjJ^j J»*bca lojJ? 



\% V-4Aj\iLa Q 

LAjj? i^»ibU ^yuVl ^ajtll ^J.,<a>o of 

t(^oV) (Van den Bergu et al) OjyMj ji jli ^U ^Jl t-jjUdl 

, # 
a^>w^-l O' Ijj-lij ^ aJLJ'VI a^OxJl) I^C»» Jlii 

OCaJI (j _/xJl jf j*^* A (4-Jj-^aJl jljjVl <on) aJLw^II 

ji-&> (J| Ij4“^ (*J (t) (J 1^ (W) _A IjpLjj j^xJ A^T.i 

. IJ^ja frljAl o\jjm <L»jl Aj> 


(') 


12(iL 

LW 3 


+ 0.875 


pQ 

2LV 


vjr 


• ,AVo + 


J J* \Y 

r -*J 


= f 


Jjk J*f** (m) odiw* (L) J JjSsj vi^>- 

^L-jNI iJU- (j till r 11 IgJLL-f Jai-*aJl UJUP t oi>tli 

^J 4-Sj-J-i y~\ S $\ JjLjcfr N LfrJLlP jf l (-*) 

^L-J^l oNU- (J t* M 



( r.Y-r> 

l» . »« ^ ioL-JNl fty^pJD jX 
frl^fU yu-II ^L-JVI j-UJ 
l^JL>b 


frlj^l <u*5 JJ ©j>C^-I JuL*f Jaiu^JI ^ jf Lfj 

4 Oi^Jj*-* Ljl>-Lw»j lj >^~I Jai-sdJl jl5 I SI jj^^ll {j* <Jli 

^L~J^I oVU- j J w^LJlI frl^AI (1)ibUll 





<Jp j\ (^) itaUil cJl S lil l« 5 SjJL of LJUj • (Steady flow) ^b::ll 

iJU- J jykdi (V) itaUil ^rj 

L^Jal^l jJ Lit ( j^aj . ^jjl ^ l I i>-L—« i jf' 

C)f oLi (5^j*ii-l) Ja^jJi Aj j j*j (jl3Jl jut 

L j&j? jJj . ^j-ajJl A?-Lw« j dUo5 li-JaJ 

b-i jaJ of L'^Im c(P eriodic) 4^»iaDL* oljJu jvCj A>^ji)( a>-L~a of 

<0 *jI jJci\ oJbl 4jL> iJL-^I A>i*A j 1 aS* J>ci\ I a\z£}\ ciOO^ ^OJi ^^iJl 

Uj-ipI iwUjiJl dJJi 5i yu* j . ^ O^j 

iJl^j (Step function) i^ll# SaLj JSLi JoJL^ o-Lil J ol^JcJi of 

: dj& 


0, t < t 0 | ^ t 3 ‘ j^ 9 

<'•> A(t)= - . . A > f . * 0) Ll- 


A, t < t 0 


0L»JUp ijll <l«m$ lijJu O-JjJl jj-lii ij^Zj 

. bli A?OiJlj (3 j* 


ftljil 4*ypS (jl Lit Ja>-^) (Y) (31 

pAl e (.jJ ^ b>) ^ A>ciJl J (Mass plug) 
(>, A + J) = •'• 

x AJbS^Jt = (^) 

acceleration mass = Force 

Force = (p! - p 2 ) W— 0 (y^ “ >u-*) = 

mass = pl e SJb-j J£J O ^ ^ = aL^JI 


acc. = d/dt U(t) ( j ) 

( j) £“^x ^ 


l, — = <Lha1I 
'- j* 

= (ilT* - '<» 


J1 &UU j jtH\ Ji Jij 


■J** - (>U-* " T(J^) + (j) f — ^i<J ^ •'• 


rvr 



# _ 

UdLn ^A>_ I yjl jut jLip'i/l (_j JjJUM a1 ^lijjl ^f 

^jj i _ y A oijJ^ iiLwo ^IJCul tljAI £jLJ iw •,•.■,-j Jait-jJl (jj* jf 

: ^yk ^lyll *lytl iS Sj-Jiil itaUll dj£j 1 JLa J *j 

0) t* 


O') 


- (\<J* Y<_r*) 

pie du(t) 


jd 


j > 


dt 


+ (P 2 - Pi) = zero 


ipj-Jl y> u(t) (j) ^ tyajJJ JIj jA (d/dt) ja/a of 

• J ^ 


0*) 


< T >; 


'<y 'a* 

-= (j )^o iJjUll o^i 


('*) 


y* - (r,^ - + (j) £_ — _»<J •— 1 (^) 


du(t) 


J ■* 


pU ^ = - (P 2 - p.) = (P, - P 2 ) 

dt 

(»,>-<» = (*>-*,»- = (j) ^4- 


du(t) 

pu- = -(p, - p 2 ) = p, - p 2 

dt 


du(t) Pi - P2 


“ \sj+ 


dt 


0)1— f 


U (t) 


pl e ^ w > 

_ (Pi ~ P 2 ) t 


pU 




(j)ts 


(T) U 0 - 


2(Pl - P2 ,/«, \ (*^ 'w/) T 

l_ T - ’ : T< —T- }= ^L 


c(Wx) . 

O/U) 

:oj£i 




j\ - : -= 

y = j l«X* * ( 3 )£ ( v t) <U*il 

f (t^ " »(/) ^ ¥ 

.yi- 




<*J jp ( f / \T) t( f/ T) jd^ULl 


^JT 




vj J T 





s-tf'j (j) ^3 0j& U ijl>- oj& V ibUil «*x*j 

<jfj (j ^L^JVl oLj ^jaj of ^yJu of j&j 'AJ-* 

I oU iJl^U A*-J (j| ^J-sAi Lla>- Jj Jj 

2(pi - p 2 ) (t<> - *«j-*) Y 

.U = V-) - = l_ 

p ^ w 


. (Y) (tij &U1I ^f 
ijA j>c]\ IjLa ^L^VI iobjJ ^j^iJ 


(\T) 



-iJY 


= ✓ 


V ^JjIj-^JI <j 55^-1 S^Lj of t^ilj3l ^y» Jif ^jJl I-Xaj 

(T) ^ oli 1 -La £«j . aJUL Uj-^j JUp ^j/ 2 jL? Ip^Jj c cUiU JjLaX 

<J c 

. j^jJl oL jj ULLm? L-ULo jfju 

Ojii (J ^Jl 4 >ca]( o-L^. £~° l_3^\i>-VI of \j0jr*i of 
0 aL »*» L -*j 1^*%p <£UI c2 »>!i^aaiJI ^LjlpI <!l *.«.>o lJb*- aILJij ^ o^f 

J AiJa; jSUll ^ o^& jUpVI IJub Jiaj .dyjbU iJljdl oUl oVU-1 

. (10T) ^ \ * ^jA JjJpf Lj»j j jic*~j i^-LJLl ol jJu lg*3 o^Jl oVU-l 

(Acoustic impedence) a-pL^JI i>ciJl Hj\ju> jL J yu (jyt»\ SjL*jj 

* 

ju J jib t L^UjIajC C-JjjJ La li[ L^J 50j5sJ frljAl 

^L-JVI JaJwsJl j (3jiJlj OOlII i>-Lw» (ju fliultll B AS^taJl 

jJaJl j ipjU oliJl oUl ^lyVl J Jl^aIw ^ J^xuJ of 
(Westervelt ^Ujf jJLi JL-jjaJ[ U <Jw» U JUJjj . ^w»bjJLJl 
-Up U i>ci J il^JLl a-pL-JI il>c^Vl of and McAulffe) 

^%p u«>L»»iVl aJI^ ^ I ^ a ' * d.c jU-x 4 I 

^pLo—J l <Jj**iL| of ^ ^j—IS[ 



JL* pL e /A s±> ja Jjf i>ojJLl (Acoustic inertance) 

iij*s (\Y) itaUil <uJ Jl J y*p jJl j£s (jlSUj .iJ u Ji* ^yrj 
4JU-P Jlc [±ys x ^ jJl ^oUilj IfrL L ^f <J kkJtllj 0j>wjLl 
: ^ ^:>Uall oJia j ^L; Ij- pJb (ioUJI aj^UJlI J^) 

6 i?-Lwa Lj p-o IT 4j4 j>^1aJ| AaW.A J (^Ujj'ill) J 

,8cm H 2 0 > A (tij - ’ ~ \<j^) W^* * 1 ' i o kJai \j L >yu T j^» *V 

0j5o eJiA ,J s- (^T) itaUll J-Jajj 

(U) ,^/irr* =3 — j vLJt o 0 - 1 — ~j 

> • > * * « 

T - 0.3ms and 0.1T = 330HZ 

^ Jjf o j>%^\ i>-L-*a 22 j Ujlpj oJla o^L>- J j 

<LL j>^X‘\ of JjOail tdo/i Y* * j>tj 

oyyJ-\ oUjlI« i*J jJui ofj 4 (Established steady values) oii ^Ji 
Jtff jf (^) ^ij 

jJbi-l ^9 U-£p Lj (( j » of ( ^ T) {j* ^jAj of . (V) jvij 

J (0.1T) ^ * j ^ Afh.Ji 0^ - 0 ^>0^-1 JjL-f ]l 

JjL-f Jaiu^Jl l-apLwX) U ISj 4^/i IV* y*u Jl JuJLu* (^ t) 4 J^L«JlI 
ijAj . v A^aJl jl JULc JajwiJl Ji U ISj do/L tt* * ^,,^4*.:. j l^fj 0 

^lo^l pjL» Ijlw Jifj c^>oi-l JjL^f JaiwaJl jj£> jf JiA-l 

(Monotonically increasing) SJb-lj i<Ju J-U£ iJbljJ Oj-^ cJjwif 

* 

. (Vocal pitch) <S i-l i>-jdJ UJ 

i!L>- J l. jL» jc*^I Ll^JL^ Jj Laj 

aj^>0jL 1 ob-Lil i]l>- ^ 4jf jr-j (^) o^i j\j4*z+jt\ ^jlp 

<^jLiaQ((^)) o^^ 4 J^Lu jjSL cl ■■«■>• 4 0I 

a>u* ^LJl oNU- J JiiLj . (Pi - P 2 )A 3 T l _r‘(r i y> ~ \^y>) £* 

* Sr * 

OjSz (Kinetic) ISji-\ J^UjC _LjLjI_ L »j£a «_^L~j^l dj£> 

. AV(Pi - p 2 ) (y o* ~ '(J^)V o* ^jLu _L-L-f — 0 





j^\ 4. o S * ^jp 4,^-LJl O-^il jJaf 0 ^ £j J 0 ^ 0 ^ ^ 

Ja— wj Oj^j oLJb JJl ^jA (More steep) o0>- ^S'f 0j& 

6 j*Jj j^f LJLp 4 ^ 43 Ijj oL>-j^ 0j3>o^-l ^uJ of Ia5^j* ois' 0 JL 5 IoAj 
A(t) <J* t5^' JJLkJL jjl Jib (More intense) 

. J <=>-'—Li» ( jXj- 

Lif ILU? ii jX-\ i~+£ jfi- i4Ul of <—j^liall l»j 

•Ai j*Sj) '^■ 5 ibl«»» ol# IjJLLof ]aiujii\j o 1 
jl— ; - ; c-l £_» (QuA) (^ i__*J 0 \__j jL_j (*—j—! 

^dJ .(Parameter) UU (P 3 = (P t - P 2 )) ^1 ( y{ y> - s< y>) = r <> 

JlSLlt ^1 > 0^1 JA lu£c ^JJI (t - Y - r> J£i)l J lii Jull JUI 

OLajJjc® ^ LujJ La ^jJLkJCU-^o 4j j>iA-\ aS ^A-l < U o^ < jP i^LJl Ol>*jiI 

4^L*Jkl J5J cJLwcu>»l l$LL*f JaJc^Jl^ o^>»*A“l 

. 4.4^1a'l ^y*» jJl ^P iS^A-l ^>^~j 

(Phonation) \ Cj *\£\ ft jpjui-\ Vaiu/a^\ Q 

y -~ A 4-^oJL l **f JajwaJl (\^0l) £-jj 0^ 0^ 
of JLpL^JU j£s SJLi ot^Vt Jif LbL (Intensity range) Oj-^aJl ©JLi 
o jlJLic ijjj^Jjl oJLiJl (Liminal intensity ajjjaJLH cJLiJl) aj jkj 

^Jp ijjjtiJl Oj-^aJl 3JL-ij Oj-s^aJl £■ 4 L j :;: . » .p ^ 0 \ * ^ 

p-i ^jA Y 0 Oaj 

Oj-^aJl A>-j^ ojL j ^a ^)jl>oJl oJo> ^ y>-\ jJj . obljJl o-La ^jP ^OLJI 

i^rj^ cSyt J1 ^-i^f 


r\v 



volume velocity (cm 3 /s) 





(i-Y-r) 

*►1— V o fy±- 1 j J\^\ p£Jl &j>. 4*J sj jw 

jJ^ij L»JL» 0JjL*t 


r^A 




.■ ijlVt ^jbuJU ^ J ij 

lit) jl jo . * .>«iI 4jk ( j^X jlJLio AjjjA-lJl oJLiJl oIj j _ *)ljt 

:(jL* + 





5Ja— t kiu^Jl 

|*ill jp Yo Jaj 

(Oj-^aJl gU*l aJj) 


t 

0*V 

nv 

0) 

n 

OV 

Uo 

(V) 

n 

nY 

YU 

<C> 

^ X 

vn 

YVt 

O) 

(0+ (ify J..;.«-p 0 

oLj iiL-Jl 

4jj>d\ <J ^ oLjJl — 

. Lu 

V 

on 

nv 

(f) 

V 

oV 

UO 

(V) 

u 

nY 

YU 

<c> 

Y \ 

nv 

YVt 

(*) 

( ^ * + ^t) Jj-y-ii ^ 

• SiLj JjVl 

<ijp*zi\ o^LjJl _ 

- uu 


on 

nv 

(f) 


oV 

^ to 

(V) 

u 

nY 

YU 

<c> 

Yn 

nv 

YVt 

(*) 


r-w 







(O-Y-r) JSLi 

j dikj (J»-j) A jlai (^^') (►&* J 

^L*Vi o-j^ iiJLyt c/}|U- gj 

^0 + ^0 ioL^J JjVl ijj^lJl (J 1^5 O^ljjJl — ImIj 

Jjp o^aJl J ai^t 

0JjL*l JaiUtfJl jfdJl JjP yo Jbu 

(Oj^aJl ^Iwl 43*>U aJj) 


0)_ 

01 

IV 

<') 

— 

6 V 

Wo 

M 

w 

IT 

YU 

(£> 

Y1 

IV 

YVi 

(*> 


<Ji JjL-f JaJwaJl jJJ ^t <jf ( —) itj-i (^) 

. J.M... O \ 6 


rv» 










; U oJLa ^^p 

jLjIj j»-l5vlll j*i ya yo Juo ^|p 4 pU^| ljij ^ 

.(■^-^r^ I ) o^/U-l 

<J S^LjJI 4^J jf yup + ill>- J .’S/jI — T 

- iS J \'Jh+ji* C,.~.l oj^jwLl JjL*f JaiwaJlj 

£*j (\V — ^ to) ^/S tA j-A j u t t <ju (jjiJl ( f ) 

(01 OV) J^\j jA ^ L» ^ c)b lJ-ft 

. (t - 1) Y j* JaJwaJl 

(Mo- Y M) VT j-a j ^ <3 (y) 

\ a *~ /a\ \ (OV — n Y) J m^o 0 jA 

.(n - *> r 

^Lw'ili J JyJij vi^/S on yb o-jJili jii jt ■JH <3>» (jr) 

. (^ - n Y) V o yy^-\ iaiwillj M 

^L>—a^jJL Njf (j iiLJl ^luil +jij o+ <JU- j ! LlL — Y 

i \^ j*j£ 4jLi S yy^\ Jaiu^J l bf 

\ j* (Jj vi*/i 1A j* <>-jjJl <j t t ^ju J jii\ ( f ) 

iai-^Jl J (iy c^f -^rjj V 4jb I£»j (Y pij <J <3r* 1^) 

. (V - V) 6Ji-^t 

0 UHJ ^/iVV j ^ * y jw <JjiJl (*-—-») 

. (V - U ) t JA Jai-^JI J J^l (*Vjf J J~* 1/) 

^k)f) H flw'ill Jj d^/i e*\ o-jJJl J a t->- (jv J^aJI (^) 

. ^ « yk J a ^ a J l ^ (3 <J^J (Vj^ 

r\\ 








(V-T-r) 

J |^J| it j*. ;y^J>l i5k'.< J i_i>lyJl £1^1 t_*LJ»r 

<• - y - r> j*a 




relative amplitude (dB) relative amplitude (dB) 
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(A-Y-r) JSLi 

^ JaJ * ^ )l KJ>jp* i j tei^ l 4ahla ^ a-a>t ^lil y j Llt l 

(i.Y.r)jsLi 



4>-jOJI ci Jj>5i ^ \ * + iJl>- (j I llJU _ Y 

->■ t ^ (^ — ^ *) \ jA JaiwaJl J u t f jju (jjiJl of 

.(U - n) H i i jt uyj (> • - M) t y> 

J Jr-* lr^ 44d ^L-Aflj i^jJl J5 J jjiil (^0)+) :Ujlj — Y 

j* JjL*»f 'lajwaJl <j (jjiJl L $>4/1 oVU-l 

J 4 —>" > O j. «««£> (^ j d >, <g \ ^ —>■ ^ ^ U 1 ^ ^ ^ O'^J ^ ^ f 

("-«) 

4*rj* <J ^Op {j* olijS^i of(j--^L» Ioa JS^ ^4 

JaiwaJ l £* ^ij £* (^L^Nl) JajwaJlj Oj-*aJl 

. oJ jL-1 

! olla>-^\ll oJlA <JUt JjJbt-l 


r * 11 •y r- T0 

-Uj Jp Nl oy 

JjL-t ]fl««-flll 

5 

O^-ail A>-j3 
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^_U—VI 
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(tt ^iV) 4-2j*ai\ j\2ji\ 4 j> Jui jAi Q 

f-M ^liil <j ^jAl ^UyJI 

£* J^Jl \X^ ^15 ^JlJl (Fletcher) jJtjJU . iJj-^aJl jlJjVl iJLo 

jjj-uaJl ipCJlSj . oJL>-lj sf^lj JU-jJl AJwIp Lwi * ^j4 

ebif £jJ>y SCjjj p- 4 ^' o*j p -J^j . (J U^M t*" 

AJljJl (J oLxjJl i-Lf- Sj ja! Aly u t ojj*0 XS- JLJl a 5"<_jliL| ^SCat I^S” 
















(LyJl JjO J (e) 55 ^ -Ip LA I y JS' jlaj Jlij 

: jVl y *Jl Jp olj^ ^jf SS^J-I oA^ J£ jLj 

. ij&z L Jit ^lw)flj ^ Jit oUAjAil j j£j \ 

. La iSji t ^L^Vlj L* J^t oIjAjAJI o j& — Y 

J^t ^L—-Vlj (j?* 1 Lc -L>-lj LiliSjt jtJLc J-pt oUjjjJl Oj£j — f 

■ O^ 1 - 

. ^j^jc La Jpt (V) aJLLJI SJLLl j£* c^UAjAJI Oj£j — 1 

• (jtj L# ^jJL-^ oNlA-l ©Aa Ajli jt-J 

: (T) r l5^U - ^1 

3jAJlj L>/i ^ Yo c-^*/3 11 Oj15 <Lli)J JjVl ilUM J — ^ 

. J : .. : .«^ o V jIjUSjc J 

i/i Yor i*J jJI J J Li/i YO* a^jjJI cJlS' iJLl aJUA J - Y 

jIjlajc J (3jAJlj (|^3 L jJ£ ajjL— 1^ i>-jjJl ^t) 

. J»~—o ^ *\ 

:(c^) pA£At _ UU 

J J jii\j L>/S \U CJ15 iJlillj JjVi iJU-l J — \ 

. J*^— j j o ^L-^l 

J (Yo* ,\) YY * irjJJl cJl£ iiJlsJl i)U-l J _ Y 

. J~~^ W £U^1 

^jlaJ ^LjjVl oVlA-l J o JA-A JaJLill jAjJU IAa Jt*j 

;ijVl glLAJ Jw>j f ^jlpLAI y> J5 



v r 1 ^' 

f 


t JaJwaJi 

t 

JjV 1 iJUU 

V lam.JaW 

A Jaiwall 

JJliJl iJU-l 


\ * lak^all 

iiJUl iJU-l 

Yi WJ1 

Y * iaJwaJl 

4*1^1 4 JU-I 


k« « <aJ l J JjiJl iljUx fi-LJlj JU-jjl jkl 3jA Jl Si ju> 

. ^jVl oNli-l 3 JLXp jaiu^jt oJLpLJlI 

4*Jj Jb*^J U 4^^>- 

O^aJl S^-jjJ Akjjj 3JjLxf hk.jaW ^LiJ ajuJ& e-iLilS! _ \ 

, apL^^Jj 

(t-iil J 0^v-i^p J>*JLj JJ SJ>-b oUJ jJ it ^jlp ^Li — Y 

. ApU^[j Oj-aJI S>-jJj o^5*xJ-i JjL*f kS,^>ll Jajj — f 

^0jj i j^r^ j/* Sys>JL! JjUt (J oUjJlxll oJla cJJc^I Jij 
O^Sj ^ ^Jjp^aJl jaII J^>-b frljjil JajwJlj 4-ujOl j JjLc jkj 

A-i3ljJ Sj y^> oi>y l^>wij jLill IJla ^j-p i^UJl oUJbiJl 

. Oj*saU ooiLl oL> jiL) 


— Cl I, D14, F2, F8, F13, F16, Gil, H36, J5, 05, S18, VI, V2, W2, W7. 
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vlkiil U\t\ 


ojj)./all «431 oj^^t c-\pL—jC Oy^LJl 

j\ cJJ^lJI jl^>* i*iLi <Jp ®JJ-^ uT^i iJj^aJl 

(Photo-cell) i-l>- cJLliS'l JOuj .(Spectrogram) c^Lkll iijj Jp 

o^JbCo { j i e\Je\ j i*jLj-^S* oby L*Jj^Jl oL>-jil J j£ ^Jl 

^-^lil <l- o—*l jLjj^ jL^lj c i-JlSsJI 5JVl Jp U£JI jf 

# # vw " 
Uj^»» l*j>- ia>- Jp Sjj-^aJl Ji <u5sjC (Scanner) 

^jA L ~ J j .j*\\ J~ > ~'^ ^ l*LAj L-dLJLiS'Vl I*La *\*J . [ ^ <p Ip, +m) 

. jJaj Jl ^^iJaJl JI — ^A\j <k**l ^ 

1-La Jw4»jC^jj (Pattern play-back) jkJl oIpI jlp- p—»I j jlfJ^I IJLa 

; JbJi j>%^}\ Jp jLf^rl 

^ailLj oI aJ LII ^ja Jp ^d*lflll Jl JiJ — ^ 

J **> J A Ofc^ll I 0 -La C JL> J 

.(ur.r)jcsji 

i^JLP s-j*Jai\ jJLa* ijA Ipbui (p—*jl J) Vl *j^-l J-^jj — Y 

«j_jJl oL>j-« (Tone wheel) ^L^iL^p J[o^J£^ iJLjJ* 

^Jjall |*-^jJl flj>* La^jJ lP^ ol>-j^ Jl (£r^) 

.(^/i A* ‘ •) 

^a—J L flJbt .of ( j^» (_JJ Ajj)..«a'l C-*L>-jil (JLrfjJ aljll a_j!j>*jI u»~i f 

4—Jl il»>l>^ll c>XA fr^^l lJufc J j£J . 


tva 



uijlaJl A_iL. > wg A3 j*]\ rrla .Jpj . aJ SjjU*1I 

. A3La.JL.il 

<1)15 llj . t^JLLlJi ^yLlaJl ji\j j*p iijjJl ^ *j**aJl JJ^LJ — i 

jli 1^3 ^j-J) ^j^Uf i I j*— 

L«f . j j .a>-jJ V ^Jl 4^jj. J? 11 oL>-jll (JSlj-* 

J£jl)i Jy^ - * 

Li_^4 j-5La J,j iJL^^ oi>y J»1 
. L jia.lJI oIpI A^JLaP |+JL) IfrPl w 

oUijI li| ^ 4 : lal l jjl jjp fll^j JjJju 4^1 Jl>o[ C^>-LU ( J^^J 
JjLC ^Jl A^jJa^- J ( ^ 2 Aj j\ oLj £* y iJaJl j%—ob dllij ,^>wJl 
ij/a *i jf AiJLJi ^rub lIl^-LJI iljt jf ji jJj . jf oU-jll 

, . ol>jil oJL* jf oJla jj^ v i.lall j*** Ajli c^pJI Jp L^I>-j-4 

^JjJOcJI iJlft Jju Ojjd4 ojL*Jl OjI? 1^1 l« A3 ^a! jjiaJl o-ilpj, aJL^Aj p-J 

. A»J-^i« j\P jf 

eJlAj . ^yLlaJl LjJUL**- Jt*j oljLuJl ^jiaj cjlp[ ( j5bc AjL jJaJl oJl^j 

^IjJl (J ^***■:■' ^LaVl 4^1 AjCmkIj o^ia>- OjL> c\j — AxjJI 

oJlAj . Lfrilai olp[ pj LjLU l*JLU ojLaJI ^jlaj __Ua:," l^V dJUij. LpIw? 

Sj-iL^ ojL*Jl (jlaJ ^ lJULo viLi Nj aJ^aJI 
Ji ^ ,>• V r ^l ^ oyr l-u .1^ 

. ijAilj AJ O^Ln>w J 



(l/>.r.r) J£a 

jitJl Oilp’j It mmA »j 

Oj-aJI j£~* — \ 
. (Loudspeaker) 

Oj-^aJl ^ _ T 
. (Amplifier) 

. (Light Collector and photographic cells) Jl CJ^aJl £-l>- — f 

.(Mirror 45°) °lo i\y _ 0 .(Spectrogram) c yi-k)l — t 

.(Modulated light source) yjy* jJUa« _ 1 
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M-A-N-Y ARE T-AUGHT TO B*R-EA—‘THE THRU THE N—0-SE 

(b) 

( V />.r.r> js^i 

jJ»uVl SjLaD 0w Jl »ji r I 

many are taught to breathe through their nose 

j 4~-L-Vl oU^ jp'iJL) jj\ |i j m SjLaJI oJU ^aJaJl jJU tkwyi 5aU-J Ji—Jl * ji?\j 

OjLnJl jib SiU-J jt (JjJLJl j )I ^aJaJl » ^)l 








l?Lia it?^if i*JJl OljLp ol5 .iJlP pi 

*/2 1 i f>Xjj ^ La^Lp jjl aJjjjsJ i 1 Aia***l^j ^0^ 

AJL>t*w ip^**>«jC Aj L^Jl ^ ^ j>%*+*tj . Jflj jjJl ^la4j aJ^aJI oOa UJLPj . aJj 

. ^**jy*0 l) ^4 od<^ 4—■■■> Lfr*»*W ^U 

^ ^i*I a J ? gJLa <w>j y^ of a^Ip <lp^£ ^ li o^Lpj 0 *p^ 

fjL>-lj Oj ji-\ iwJ^j i*Jail J*oIp J^i 1^ bb t 1 $IpLw Jujj ^Jl ojL*J I 

. 4jcJ? ^jJl £~J (S^ t * Ju . 

{ j^j jl — oljLdl jiu ^llll <j C^>fc>o l^f ^Pj - Ai^iaJl oiA < j£Jj 
Oj^j Oi t <id^ ^b ( j^J ^ LjjJaJj olw j^aJ\ Jw3 Jai of Aw? 

^jif ci^Vl oMU-l <Jj tJjLJl OjwlJ ojif O^/U-1 j 

Ij . w^p ^j-4 L^i U oNjl^ C~*IS Oi (ikj . L ^>~*>UJ 

^j^f ^t^^f p-^w cJ 1 ^ j*^* * * *{ 

^-^l> Aj^ilijl oJla C««w 0i_^ . ^1^11 4_bliP ^ 1 ^] 1 ^t? 

ob aJJJ i—JL OJJij 4 ^Lj A* * * UoJIp (Dyads) (iL^ pill) 0>bLa 

. Li c>L^w 

<J[ ^JjJl pjt£ IfcUaJ ^Ji oiO^Jl of Ai^iaJl oJlA ( J^ w-P Jiij 

# 

oUiJl p* L», JwCL^w ^Jl obJJ A.,.—. ,‘Jl AwL>-j 4 aJUjP^/P l$Jb-£ A>-j3 

L^ljwf ^Op v— ap Lw j 03 ij^w oU>,<? ^J-p iSjr^ <_9^ 4^L*JJl jf 

. 4*j I |» W iAX] I 

4iU: JlwwU ^dl jl^l ^Lw L^ J^3i Ob' jJl Ai>Jl Uf 


.(LpIw £bl JLpIji) «CP LJl^l j^jJl jull JjVi ^3 ?JJ La (D 

:0 J : .^g:lL jiaJl oJu c-^»-jO (T) 

Peterson G,E,X Wang W.S.Y., and Silversten (1958): «Segmentation Technique in 
Speech Synthesis» J. acoust SOC. Amer. Vol. 30 pp. 739-742. 



(jkJl olp| jlfi- 4 jLL® ^Sjzj i <JL>«-mJlI oUJj-^Ji 

4 Oj LaU I OJJ «/311 J aj jl ^ I > X»Pj , «1jJ 1 

JjVl of (Photo-cell) ^ScJj 

4 4 »Jt < 4 j^)L) ^-L £ 1 ^Jb»3 f^*f^ 4 ^»y j ) « /lU ^g***^> 1 

\^kJ>j Ifiku ^Jl Ajjjll]l *lj^Vlj Li ^^jjJl Oy^i *bJl (J| JiUj 
. IjL&bj 0j5>-Vl frLJJ pJ 4 0jj>-f *Lj i>d J-ij 4_ilS^ JL*J 

6mXA 4j ^£Ojl VmA«> j Vl V— i 

. l^>*LUj| JmXmmII jL^^ 1^1 aMjJ^J L ^ jJl lO-j- 4 i>wl l 4-J J^ai I 



\ |f\ i irt $\ik\ 

^yLlaJl t^Lol l$J], ^jLJI ^jA iljUil oJLa . 

.olj-^Vl c-ibiJL ^LLkll ^yaJL^aiLl jP If JbU^lJU jf c 

W^l fj>- J Lrk"j^ ol5' J J-l olj*f p*\ <1)1 J?® o* <^-dl> -^J 

L^ljjjT j*-a! of C-jfj JU3 Olj-^Vl Lot . JjVl 

ol j>Zjtj (Cues) oljLij illiA jli Ll . iiUaJU ^ 

^1 jJiJl ^>«jC Ojaj of (Loci) 

<3L */2 >i 4 _j 4^LiM L^l>( j*j <1)1j t Oj-^aJl £jj ^ yaJaJ l 

^SJU jA lc _/5JbJl ,J s-j . cj\Sj£-\ *^a[>-j (_j^>-Vl olj-^Vb 

.juii ii* 



O-i-T) JS^i 

(w j) *£ji-\ i a si' ij (b «_j) ^SVJU i»lt. ill C<lJ vj -L)Ij j» > < j l» 


^ ^1 IJU, J A_-L,Vl L^V' ^ cJ 

( J^J *" J Li (Jlio*yi IJijkj . oliJl Aj-bi <_$ (Jlill'yi 

AS-j—j ^jj\j / j Y* • UjJli iijjJLi fJLi Jlii J*4 *Lilj jljJl 


TAX 







C_Jj . JjVl iJU- J AijJt jlJi» <y>j Jj 

<r * 

^^LaJl ^*pf ^ l^f £wijl *L*J Jj<. ol^Jj-s^aJl 0 >! U^jIp l/*f oVL&l 
j*£\*s* ^»- * *»*1 l^*b JLJL^ t ^yS* 1 Jp i A p L «** > I 

^Jj»/s\\ (ju jgy»lU JjL^J — iJlj IjP JL«JJ _ l^| Jj i OJ^ll) jkJl 

iJU- Jp lij^Slj (wa) ^Jaili J JUiVl Iwals^ 0 ? jJj 
jlJ|cJLkf j3j . Jjlj^Nl 

Cjj+p ^LJl ijjjj jJj . 1^=1 Ju i*jlS *Sf cJl£ \£ C *■ * ■ * ■' J JUziVl J 

^jJl j jJj l»^-\ ixj ji\ iijif lil Ml (w) jljJl 

JJ yai\ Jp <J[ JJLJ oUjl*ll oJLaj (J| ^jJ JliuVl 

^^*11 ^jA 4jf Ja^^J JLiJ . aU->-J 4*L«P O-jIS* 

iJU- <J aJ} Jj • p-Jj-MaJl ^LpI Jj3 JL&Vl ijA ljy*p& 

<ij^' *Lr^' ijA ( j^A>cl\ £a Jjf 33jli ^\JcS S j\ fj&z (W) jljJl 

. ol^ <Ja4jj Jlio^l *Jb <1 x4j (ju JnAAj ^JLJt jj^ajJL Jail>o ljf aJoj 

js^ii J (b) *UU i^oJL LjJLJal V Jw) jtjJU 4-^1 >• oJla ^Jj 

4**-jJb 4jf \^ , ^ybf jf ^L>Jl jf ^jIpxAjI 4^jJb jf 4 JjLJ I 

ll *V|j t ot >*3 <bl^Jl! frJlJl { jA JlibNl jf ijA 0 -> ^ (w) jlJU 

<j\ illAjf Jji of ^£jC i«lp AA^Oij . (w) iltj^l 

aaj L*—J J aJ aJ bJ i *S a^? Ub I oLwtll {^ 5 ^** ^JLjjj of 
jjJl iiLJl aJjUJLI Juii j—i IJlaj .L^aI^Ij Uwy t aJLp 

. LL <JL&I a ^q* 4)1 Jg>fc*ob LpIo^ ^ j .i& 

^aJl ^LbNL 4_s^liM a^4*>Jj) 11 opl^ili Ji J 1 Laj 

J UL»fj ^Jt OiliS* i$ oliu? I^oj -LjjJ ^1 (olj-^HlN) ^ILJL! 

J5LUI 


.JL*j (a) ftUJI J iOliiJl 4 jjaJL) 1 oU-^Ji (\) 



ja I j& lL-jJ-^-L 1<X .,« *m j 

. 4S ^w »>i i ld« /3 11 



JSwJI <J ix>-!Ajj . (Ja^j Up ^ 0J^UJl J t5jjj 

(dc) j (di) ( Uai« ja vUUt iJliil J JlibVl jf |*PjJ^ ^ 

u^lj ik* ja fjU JUiNtoli 4(d) JIUI J; jJl tfyUJ U.J ^[(de)j 
^SsJ^II IOaj .(d) ^LJI ja ^ ikiJl cJlAj iJtiSl <J ijJLj \A* • ^ 
. LUJl 4Pj^>«il ja ^J>\j ja dj/i V* • y* ^JUi frUl jp UJbb£ 
J* OJ*J Jj 4 (U| jf) 40* fo-j Ij^J jA d^ of 

. <aj>- ja 4aj>- JlSnj U*l>- \j& ja J53 jl jVl ^j-Uil 

ioUl (^jw»j^“I (j JliuNl «-0 j ^Jl j5 \jUl olj^oiijAjCj 
• ^Ujjj-sUI ^Jp ^pUUI Jplji Jjf d vaj UUlj 

(jbJl UjflJ Jliol jb (d) JljJl ^ a .ss \ jf J$Uil JAJ 

*-£'j~~ > . \ j*a jtj 4 ^ ^ \ A * * ja f Jiu L^L^aJ (jpJI I 

j^j • d UUl 4^*jJb j!iib>* jZjkj di-? a1^,4 

di a u . ^ . 4 djii J d*^ O^/S ^ A * * f J-J ioJu LpIw? bo i 


rAo 








JLp jljioi ilU- J| JlioNl jJ t.(di) ^laill d>/i T* * • 

joS.~n Ij d>/i ^ A • * ^ JUi^l f-b jjjt(de) ^ladll d>/i Y * * * 

{ j-^aj ^a 55"j^ll 4-jliil i-^J-l J jliJU- of c^f) a>-jJl)I 60a -Up 

. IA£aj (ds) LiU (JloJl 

Joj APd»0>- ti»/i V* * jSsJjil < j*0 Ijfjj jJj 
^»^m» LJU (aJUI yJLI iJliJt kj-l J jljio^l aJU-^vL/S YA* * 

JiSUj (be) YY* • Jl (bi) 

^AJ lOAj . aJ| juj jj Jj I jSoOlP Jliu^ll fjLj N JLij 
^Ijkl IAa JOO^j . Jlili'i/I *Jbj J^jjil (jv JsA4j fi^IS 

J Oj g U JLj jLioNl i->10_i jf ^jLill laa^'y 1 Cjj . 

^j^rl IJUbot k>-ojJ VT T ^{^1 i-V-Y) j£jJI 

olj—^Vl ^ l^j) JIjJIj *LJI JUijNl Ju J bu-s^ Jlc 

^ Jlio^l Jjf J 0*-kl IAaj . a 5yJJ aJUJI iajJ-l JUp (AjjU^NI 
.u;Vi ^UJij v-uoNi ajjUa;NI ^%Ji oi>c 

k?UM (cues) oljLi^l v kkjf^yO j&jLIj Jl iilkNljj 

^\j~J\j (Affricates) a^SIScp-NI ijUuii'Vlj a~*L>AVI ijUtij^l ^S'lj^JU 
jS’lj-Jl ^jjl ^(Steady state)jlyto^l aJU- J j^-kiJl uy »jJljt a-S1£^VI 

. olS^J-l oUtfjfj ftA3lS) (Liquids) A*5lilj AkiVl 

a 5"^J-l Jj ^I Aii«Vl oJa J IgJj Ij jdf ^1 JLpIjill of ^S'Aj of 
JUiNll^ iiS>l jSUI Jj UoiP dUA* jks J^UI Ifei 
jSji* Jl J-^2 j jljio^l aJL>- ^ ' r JUwa-> jf k-^ V jf Jbw a j jf) 

t (da) £* JUiVl { j£* jA (ad) ^ JliiVl of ^f aJj ^AJI j5LJI 

• AnJI^I bkJ a^qJL oJl>-Ij Jlij'yi oik? 


rAi 



p\ fl. &\\ Jsp\^5 Q 

(d) ^*2* 3 « /31 1 (b) ^o j) « /? 1 1 (1)1 ^A 4 f j 

Jl ^ aJ iJUl tf^Ll J Us)l i->l jUilj o^> 

^j>-f JS'\ <S uVl ^>uj . lit SjLi^U iiLs^'Vlj 

jtl r \ olo-Jj-ydiJl jjSlzJ ^Jl oIasaU 

. ^yiJLi-l jt jf 


placa of articulation 

front mid d la back 



( r-t-r) jsLt 

4^U J l oi ^A*j JJLC ru J? J 



lj L j*•■_ - - 


£-L>ljLa AjCmJ JL>^j j 

i i>^j j JjVi 11 


. 1 AP^^>di ) 

. (^Jl A. < w>jjJi AP^oJhII) 

. Jl jJl AP^oJ^ll) 


(ma) j (pa) t(ba) iji-iJl — \ 

• ( na ) J (ka) t (ga) bjZ .Ul - Y 
. (na) j (ta) t(da) i^JJl — f 


.<*.jb^Jl 1-La (3^^ ti ^jp oLj5 l* fj5l (^) 


tAV 







sS * 

\ oLJl L j£- L-J j) l0 t~A> ^l?LiIl C-Jj 1^5” 

,(LU)I LiiVl ip^j>»ll) • (ga) j (da) t (ba) ej^>ll oL-L>J^I — \ 

.4-iiVl ipj-j>Ll).(ka)j(ta) 4 (pa) a^*^» ^ l' I —. T 

. (JxJl iJiVl a*j^>* 1I) . (Na) j (na) t (ma) oUjVl _ T 

A-aJ^-1 L^3 <J ULj^/I cl^LL^ Of 4 y^ *f J\ 

jil JLpIs^ (Jlijl (4jjijJl) A^LoVl ^5'ij^Jl aJIl! I 

JsjLa ^Aj^lU!^ ^ia-^^Jl l^w.11 4 A^jliJl A^^^- I ^ jl ^ y CL ^*)!I a)L>- 

(Aj^JJI) Ajilil-I j^Jl t AJliJl AajJ-l J j!a)L>- ^£j^ 11 ^ 
. iJljJ! ab^U ^ j( a!L>- (^1 a ^Ip j&^j-9 ij^Al Jb-Li Jlibl 
<J aJI>- ^jJ J! ^LJl j- 4 ^ JliuNl of IJla 

. ^5*LJt AolllI a^j^LI 

lAUiilj bo^jJj JjVl a-j>JU of i-iiVl oUj^ii J ^JJJlS' 

# # 

Aa^pxJJ ofj (LUJI aOLsapj^>JlI) Sj^skII ojLji^iU a^^oJU 

IdlS U ofj oliijdi a~JL **0 UUilj bo^Jj JjVl 

. oLi>Vb U^l>- 

1^3 ^Ul j£jJ* JUl^l J^-Jj (JjVl AajJ-l of l-AA 
(A*A>Vlj ^**<kjklj A*^j\P piA*43i ^\AJ a!L>- 

(jfj (Jj-aJ 1 ^jSvjC l JL^Aj . frl^jAA j jji> ^ r SUJI j As^li-I O-A.As^lI jf 

JjVl i->Ll J jl>L^I a)U J! ^Ul fSj* ^ JUiVl JSLi 

. £JS* J iw 

:ol i^^sUl 

. Aj As^li-I jSi^il A3 ^ajC 0j£o ^LJi ^j — \ 

jljiw-Nl a! 1>- ^j-9 JLio^l ^p*ll J^aj — Y 

.a3 aJUI a^^I ja iiJliJlj aJUI jf iJliJl a-jJ-I J 


taa 



< y JlioNI y- ti iijJ^ — V - 

. ijui i5>t y jjVi i->i j au wji ji 

<J OuLS* jJ ^ ^j.ia" of ^y-u OpIyJl oOa <l)f ia>-^ of UJLp j 
(>vj . lS y-f y t; y JlyJt J* cJl5 jJ t y ^ y oJjJl 

<J y-j. ^y*ii Jipiji ^ ^f 

y*V Oj^ Jjo 0 ,- m> ij lprj*u of ^yy t iJIjllI olj^Vl 

. <Jb ^jJl OyaJlj OyaJl <ju ^Liaijlj j y .JL ' 1 Oy 

’. ^Sy Ap\y Q 

. OyaJl ^iy tyLs<s> ^£Jl ^liij <j ^J>-Jij of <w*£ 

t*A j ■/?7 # Ajau ^iJ 1 pi11 ^f 1 

-\pjy y ^iyj U JJcou of <yj «ijlfJlj JayjJij frjJl ^iiy 

£-tu[ <J — 4_4 jLJ! <iiuVl <J l$>-y Jij *JlJl ^jy (J olly>Vl ^blj 

^yjJl yLVl OyoJl Jlill J^y Jb*-LJj . Ja-mjJl olj-^Vl 

. oJlA <j Loy»y (m) ojyj>«il ytJtJl 


3000 
x 2400 

Si boo 
§1200 
J 000 


(t.t.r) J£i 

^iljll wila t J (m ^) olJli ^y*j 



J ’ [-S ^ (ma) jOl ^Ljjl J ^1 J_*lyJlj 

j\ j a _ :— .1 0^1—>■ oli $j—>~ ^J—^J 0) •(* - $ ~ 1") J ^ ^ 

J-^d ^ Oy 4 Jjiaj Jlttl :>y~j (T) ^dy- 4 f'L-Jlj 0y^ y/j 0iy 







iJjU Sj . y <3) JLilNl j^i of 

<J LjLpJl £-*j—*J Ja^jJl £-3 j~* <Jj 4_>ljJl £-3 j-* (J 

— ^ j>~j jf — 3 j>-j J-* «0»a Oi{ c$ji^ <jf Ji>-^ ( £ - t - t) 

^J>l ^ kb JUiVl Oj& ot Ut .iilVl f>l ^JUr jb-t Jp JILJ^I 

* # { 

I^Jj^aJl J iJU- 33^ <Jp JUIaj iJigi C^aj aOp Vj^aiajl 

j*j jf (JjVl Aik>iJL!l IJlp y>^-i ajLJ iSy^ ojLoj • jjLJlI 
Jj>“ 1 JUj l^pf? jTj Li jjLJlI Oj^ll ^Ll opl^ij ^Ll ^Ll -IpIjJ 

. 4^p L ««< * J i |^pl A * ^g 

j^./aU Am^L^V 1 JtPljiJl y>J 4*afr^\ll 0*)i 03 oLj^-V^ 

* * , 

(Positional yi jil JjL*il ^_j la aJU-I oJla <jj . LSuT ly»l 

(glu) JaiU ^yLJaJl IJLb JLj Ju ia**>UU modifier) 

: JLI JSLJI J ^ ^JUI 


n3000 

i 

r 

g 2400 


| 

* 1800 


1200 

| 

600 

0 



-300 rns-- — ^1 


(o.t.r) 

(giu j £) jkijj (B ,y» p-j 


•(g) p-r^r' ^*-Ua li j 

.j^Jjilj jLu'V I *Jli (jy ojld \ 

. 0-4-s<aJl lyi *Lf ^Lf ioJu 3 yrj Y 






(jLj Vj jUJ (jOJl (Jliu'yi tf-JU JiX jl>«Xil d->jO>* — r 

. djld dOlP 

J*^oj . jljilU O^Jl>- oti <J0 ^j ^j>-j (1) c,«l l al >j 

.isJisJi ls ^i ^ j au- ji ^>1 oJub 

. oXij ol^jJ olS d*>!>C v—JUalJ l^U (u) aSj£-\ Uf 

oLyj-Ul ^li^l jJj . J Jau. o JLiJ lj 

4jt «■*■ > ■ t (gill) 4_4-l^Jl L^jLm^pL Ojco^m* Q OpljjUl eOA > 

. <U-L5Jl iSjJJ ^>- oLJj-Ul Jp O*Aj0UI J>-0j <l)f <_£jjjJaJl 

: jVl ^Jl Jp dUij 

.(1) <w~>U nji IS (g) jUliU J*>“ — ^ 

. (u) ISj^\ JJ ^AJl J iJlUl iajj-l — Y 

iJlill lilvaJl Jjo (u) 55 j >JLi iJliil 4*jst-l ^IajjI — f 

.(0 

451 J oljJl 4*^-1 jlljJil%il au- Jl I 

Jj <Jy^® 4v*L>- C.U 0*)UoUl oJla jf La ^5iJ jf . (u) 

J -3 (g) JjOaIj 4-pUi-| oJLpUJU 4oUjj«/ ait Jp > OpJS 

4 ( 1 ) J-i OjJj ISj Ajjl>oajVt oUJ y*a}>\ <Jl dUo5 J-iaJ ^tAJl 
iS jJ-I oJla JJ lil duos' doo^ (u) 45 yU JJ ( 1 ) ^!>Ul J d^ 0 j>- ^oJI 
JoOj>- ^oJl JjJOcJIj . (l,r,w,j) (OyJl olj^fjf) 4 *ilil oUJj-nUI 0 ?-f 
oU cdL^ ISJ (o,o) UiJULl ol5j_^l Jp duos' jia-j (u) 4 Sj->JJ 

. i*jlil c^U-Jj-U I 

* jdi\ 0 p\^$ Q 

Jp Ooj^-t ISj^-U 015 oVi Op IJi U ^5S U 

L-U»f ^UaJ cdl5 OJ ^aj (iLoLS UtAS SUU N ^f) 

4jV 4^-^ 4^Ul oljlyjl jf 4 *j ^ 4 JUIS' CjIjLp 

(®oUt Ua &JJ oij . O^-lj ^jarf4 J ^Uaj oLU-l J JL>Jj |I 



*J 1 L« .o 1 ^ 4 IIj ^ItJ 1 *A3^ .I 

iiU^lj IJla . <i 5««.^>ll j-jJU j>-lj i5jr^ *^>“lj ipjls^il SjLaJI 

S^l^j ^L-Vl *&^yA 4 LajS^ ^JI «ApI^aU 4^p L».m » c^LLs^ 

.jjJI JLpI y JbJL^ J JjkJl JJ^ oL J* jVl Oj-^JI 

JbA>*l9 olj-^Vl Jjl? <J JjwLaIJIj .Jj>-JJu jt Jj\ I JlA 

* • f ft 

yA l)^5 4 ^ ^' ^vnJI I ^ m JI 

^p\jL* Jx^j ^SJ ■ 4^*J V1 (J^3 p 1 

I JLft (Jfi-J . 45^A-l J jljilM»Vl 4 JU- ^>*J lg-*-« 4^J^ 4 I 

jljiL»l 5JU-j Jliol (c/^ Cf* j*~Jl c 5^ ^3aall <l)li 

^jjl oJla ilU-j JjLJI 4JC5LJI ^ J5j 55^ 

JliijNl L®f . t^3 ojjl>*il ^j5l^-»-Jl ^uU 0^^ 55 j^Ij 4<^l> ^>* 
j>-!AJ! jf J.LJI ^j5L%Ji ^Ulj -i * ■ " ■ * ■» ol^j 4 jJj 5>-j^j 4J^U Oli 

. L^>-llj[ 4JUjiej ^5lj~Jl ^y> <j^cJ Ublj^5i ^jJl JLP-tjill 4JL 



o-t-n 

iU5Ii p—^ 
(typical J 1 Jf O) 


5Jl>- ( _ r <al>Jl ^jf ja Jj j^i I ^ Jun.J > ^Jaiil £* ~~ t ^”3 

^J-sAj Ja>- 05l3ljJi J 5joll!l 4aJ ^-I t yA ^5 d)f 4 jljiw<Nl 

,j^j) . jf (JjL«JI ^j 5L~JL 55jJ-i JlvaJi ^Jl 5?-jjJl ^ju 

Ujlpj .vl^/i Y• • • ^1 55k;ll JM>- 5Jll]i 5*^-1 ji of (^jjj-^aJl 




J5 j>- <JU- JaiM C jf <—ij ^JaJt ^ 

£fijA^> LtJ ^ ioji-l ^>«Jj of 15jJj-^f' dr* — Ohja*- 1 uyo*^ <oy 

. (iikdl o-U J1 ii^jOJl; jf 

Ojjbf <«lJl£ lij U (J^- I X O JO ijllll ia^-l Oj^-*"J 

Oj-P-J J,jVl C-5j^ ojj^jf culls' lil* t 4 ^j a jf ijj-t^- 

cJlS' lif Uf .ILjlfJl IfuJbi Jf coU j*j i(i/i«*' (J1 AjU^Vl l$i>-j> 
jljiu-'i/l A>-ji <J JJau* (_JjVl **j>~ of# $■» 



(v.t.r> jsdi 

(g ->-) jjU^ Ujup yi -1 Vi dhifc o'illiol <jy3 4 >a> k ^ j*0j 


(Typical) <Jl5D JjLJI JiSLiJl ♦ 

* (p) j (0 (jc5L- ^ j-J! 4 aju^ JjVt 55 jiA Uj^j 

dr 4 *J^I) *ijj 

. jy}\ AA **m* j9 

^ Ajj^ai 1 oJlftj . I jZS Li^l^aJ N ^ jp-\ Ajy^p JLaj 

# 

v—j ji »i <a 1 1 4 j 5I^^| fijLpb ^) I 43^^13 L Ijl^^f 

. 4jj)* */3 ll oJjk S/liU (jUJj . I ^JiX 

(i,e,e,a) CjIS^J-I ^ (g) o^» y of Ja?-*Aj JSLiJl J^»t 

# s- 

i-i^li>-l sl»JO- (d,0,u) oIS^-I £« <CP Ubjt OjSo dj£-> 

<l*Jj • ( a ) j ( 3 ) ui-^u>; Ijjl# L* I if i\>*i jil aj d^ ^-pIj 






<j O^JL>- (J,\ JP ^JjA (J (3JaJI of ll* Ji>-^ll ^0 

(go) j (ga) JyJaJill *taf <Jv JoJi>- ^-iil JL>-jJl . AStaf 

a3^^aJ! of ^la«) 1 »X*p I 

.<'>dUJtf c~J Oj^aJlj ^Jj^aJl fjv iS^UJl j£Sj . Jb-I j JbJj A3*>U 

JpI^S <^JUaSj twiijll of oU JjJ^I iJlfc ^Jp ^JaJl 

cjLS’ Jw Jlill Ut* of ^ 4jf ^ .(Acoustic rules) SJbJb^ a^pIw 

, 4a«3o Si -i • “-1 ^aL^l^i ^A53l ^ * aa j of 

^0^4-li 4-^-OJlj j*y**/l I ^Jp I j^S jjJJ 4jJ * »/l\\ oJft oli 1 

i lOA i 0^ |^P jii-Jl 4 —*$j * /3 ) (^f 4 

.illijf 

'j* f j^i ^ fr J>“ of Jp -LStlJl of i^~ri Ijs^lJ 

olj~* jL£ ^jP J ^ a j O^j of V Jlj ^bVl <^111 AjLJ ofj t ^JaiLl 

ojjL jU jlaJl I JlA LLj li|j . ^ladil <aa iwiljj ^Ji ^jA 

of ^ 4 ^pI *> fcJ l 2-tj~ja\\ SJL>*jJl jjb ^j^aJl t ^Ja^il jZj&+* 

,yu^\ *lj^f Jl p-~iJ 

■.\ 4 p\ 4 i\j V^sL*jj Ap\ jii\ aJp Q 

Uif ^ Jj tOpIjill lJLLiSI Io-a Ji* <J 

0 JL 4 ^tvjO ^y& oJplillj . J*JaJl JUp i>-jO ^LiJjlj LjJLJaJ aI?L-j 

J- 4 J 1 J oJplill oli JULj . (jyc® ^y.^ ^Jp ^UkJl j U 3 jl>j A3jJL 
4 ^Jp O-LJo^ oUjjj-^aJl Aijia I ooLLs^l^ll 


^Ull I Ibj ,ii JUl* *-iit jjlaJ Vj*^ jt (^) 

43*)\jJl L»f . | C ^A-J 43%Jl yb ^JLP- ^ Sjj-^Jl {jyiJ fri^Vl Oy ^^•'■Jfl» 11 

il>Vl ^ UbP ilyVl ^ 015 bli C J-^Jb *}±r I ^ ur43 o^lj ^ 

im f-* Jj JL>-lj (J,| C ..- ;! of {^*i Ob C-P ^jl iSy~^\ 

. -5-U^ Jl 

r^t 



j>-\ (_g j .Vm.A Jp ^f AjjjLLII JjU Lfc 3 4 .U* a oLw? ^^jJI jl 

oJLpLaJI v_1 ko Jlsj . (Sub-phonemic) c^> U ^gji~a j* 

Laf . J,.Ja:fl jla^o i>w*lj 0jf dJLplill <J ^il ^jSLSj 44JLLS jf 0^Jt 5 
oL |»JLJ of aJU IJla J^-f jLip^I J 4JL4JI jf oji^Jl 

J>-JL» of < —*•£ jf iLU O oi LfcUjS'i ^Jl Jlpljill 

aa*-!? ^ Jlp ^gI jZ^jC of LftU^jjf bbli^jtjf L® li| UjLipI J 

.-uLj3| S^>-j 


opiji j| tL^^n ^^sLaf ijla jik <jj 

olS*j>fcU 4. : .>. oJ L u . <Uw«£ jl 0 Ajtaf aJL jJaJ j£Ul 

oJlA J| iiLpNljj . l^>-^>*1 SOpIs 0 jJLp LUjIj L^jlJ 5JbjlaJ oL>Upli Lj 0 I 3 

«j-JLp llolj t>» <^gjJaJi jOJl (j\j jjilU oJL>-lj oJpli 0 >^j Opljill 

OSjj of ^*00$ I JOfe . AiLJl £j> JLI Jplji Jp cL/AjO*j JUoN sopli 

4As<2j Ll L »»*J ^ Lp^J^ taJlP UjI^> Ij^af OpI^aJI dO-A JL® of 

. L^Ljoo jf Lg-sAi> jf Lpbj La iiJ J frtaVl L-ij Jk? yu oij i i®Lp 

L$*k° ci^ Jol>«jf O Jpf Jj 13 t ^Lgi^/I Ax>-U y* Laf 

£-«j . c-->jL>*Jl oJ^. ^UJl J^>- \j\l jjJalj cJlS JpIjiJt 

v^jL>: J l ^a ^jlp . L3Lp ois' ^g j+~+* 0 « cr 4 "^ 

J>1 Lv^lj <j ol5j '/ ^ * • c/ *1 * Olr! ^)ll 015- 

J*®L*lJ! (jycaLJt 0(_g*-U J APjJwait 4 !^-! 4. n . : . J g 

*. kXp\ y£ a i^fl a!Sj »\ O 

Oj 4 a**j z L; / ^ 0pI^a 1I ^p«Jt2j C—AfcfT JLJ^I 

(A - t - Y*) J^JJl <Jj (le:bz) labs a^JL^JI c^Lw* 

. 11 Ijp j j 




(A-t-T) 

olJU pIjaJI Jp UgJai ^ J&j .(le;bz)(labs) ajjJUu^I a*-L£U ^Li> p~-j 

LpIw? WSs)I «JU J ^pJi 


■ r^ 1 & J* J1 J*f j jJi p^-Vi - ^ 

O' oVUiVl I4J; (1) f *)L i^ULl f >l ^ jLJl ^ jiill Jjf j _ T 

of .(e) <JUl tf>! j U <LUil i->l J j! aJU J1 (<-> JS* J) f *Jl 

. AiJUl <j Ja^lpj (J OpL,^ JliLi^ll 

• <j aJi>* ^-jj (e) a£^ i-i ^aji (jj _ r 

*Ui j* ^1 j^j ]oj (e) *Sj^-\ <J ti <iL>- -Up _ t 

. aL»U U-^* <^*>' f>' £*) 

v^i J ^ «Ma.y, (^uVi) JjVi i.^i j jja iju j, _ « 

j ^UojJl Ulad l Uf .j^sf Oj-^saJl jf Jj^/l O^J-I j Jai-1 <jwj . AiJllJlj 

.(^L>Oljf ^jl>^l) Oj-^aJl jf Jp JJjj iJliJlj AJliJl JOjJ-l 

.jUiiVl Jp Jjj i^tjl J*U _ n 
JagJU ^IJLul Jb^j ^ JJ^ jJb iwiLi>- J : ia:.-* p-g—Jl C~£ — V 

Jp Joj y>j (JjVi ^-UVl 4*y>~) JA-Jf 


rw 



(Ji . AjIaJI ^y> <jj*J (1) ( I ) 

(Manner of I Js-\ji j .(w.r.l.j) ^j ((i-^Jl ^—LI 

oJj> J£j) £j_Jl IJU il j»\ ^y>- ^yrj articulation) 

—- Sal of (1) Oj-a)I £Zj> Uf . (i-^U- Intensity 

. dDi£ *~z£}\ JlpI ji |gS iJliJl 

j JUzjl oli olj-^Vl eJLA SjjUvll j^-l j pj^-l of — \ 

.^LJI ^j£ IJUj b* ~^7T, 

.•i'/iT'l* ^jVl i»j^-l 0j£> of — Y 

(1) ^*AJ < : ^JL (jjVl O^jJD £y>*il oJLpU Laf . (^J^“ ^J>"J ^ 

4_jliJl ySZjAJ L>/i r\* (JjVl iaJiLl <lrf 

.^/i YAA* iJlillj d^/S \tV 

:Ji^ (A-(.r) JSLlJI J :ilb^ * 

; oJLpIS — Vjf 

j olj-^Vl (j^j a 5^iJLil o-LpUJI 

. ^UM ^r-iVl <$f J5LUI jL j 

ia^I opiy - Ui 

LfU ^jlillj JjVl iS <j JUttl — \ 

(J1 j^LJl j* Ja^ viJliJlj ^LJl oLiJ^i 

.i$>l r > J jl \ycJV\ iJL- 

. LJlill /w*-cJ JLio^i J— Y 

\ • • • * - ^ 

ji&\<S vi./j YAA* t YYV t rv UaijI si>%* ^ jSLJl IJLL _ r 
. (*—^Jl jl —j (_|^ (_j^fjfl w^Jl Ja>«j Ojy L» tal L$jOj b* 

, iLi^laJl olS^-L ... l l J^Jl I*-jj-^JI I-La (e) ^bj*ai\ (<-"») 

<1 (Buzz variety) j_^>«il ^yJl dj£> of »-JLkj ^jJl loi ibSi\ SJLpUj 



4.. JU oJLpU l»t . —- “ ’ ~— V* J jb 

Ui/i Ho* tj/iVe*-; fjJ“l A^-J.5 VI-* ( e ) 

if fi 

JJ ^Tji Oi*^ jJLiJl IJLaj .1^$ oJLiJl ^ Ij ji ^ vi^/S Y i * * j 
. AjJllt eJlA ^C* eJUJL^ . Ua.X*. 1.A> I <ilj| 

jyi 1 J1 (A.t.r) J-S^JI J jliJl p+Jl jj-li * 

Ja>y (J L^jjIaj? ^J Hj** ^j^Sj . JS 'IjJiJl j& XS' ojjSull 

, li 4.lt^. U JpjJa^-1 ^y» Sjui l*f ^^ijl 

(j- 4 p-j^aJi i-i-A .(b) (^) 

-U-ly . (b,d,g,p,t,k) £>Jl IAa JuJLjj . (Stop) jt 

(J Jlio'yi <-JL>J j£ojil C~Q.s rf? 6yi :>j^j — ) 

Sj^>tll ^5'lj^JJ ^UVl ~**ry (J (Buzz) ^>- JL>-jj JLSi IJla 

. fiJUb C-^waJl oJ^>* 

. C^vJl Jjo (Burst) jUoaJ^I — Y 

, C>a «,^ll Jl*j ^A-l J _ T 

(jl of £jill ~IpIj3 _ £ 

.^pJLI Lmjl^ jJlj 

cJlixiNl ojLi| ^jcoj . iJliJl —*- eJil JlSiiNl IJla of 0 

i>-j^j 4*rj> J/u IgljlJbjf ijLji oof ol^ojit 

. *S I cJ 4 J t>- 

i>*^» jj ( j-Ai (jjVl i^l ^Oj^£ of 4-*A JsJ I JLpI ji ^sOloJ _ 1 

.(Voice bar) :>j^pjf -L.VI 

j iijliJlj i»j^l d)t afSct (4j^A-t.11) Jl&\ ji L«t V 

O/iTW* j d;/iVt* Mj Jl jV- JUi! oli ojjUll iS’jJ-l 


r^A 



AjjjLIJI oJLpIaJI o-i^j Jp- 

. jf 

(b,d,g <^f) oU5jd] i-—JL oJLpli i_JLku AjU I l»f _ A 

S (j •^‘ji o|_j olSJl —-- v* ■»I 5jii <J^J? Oj£*> of 

^ ^J- 5 <J^ jij' /> ^pLJt^Ah.P ^ ^ **A> 

. (Acoustic energy bar at the buzz fundamental frequency) ^UVl 

{j* J—*J ♦ ^-dV 1 J IJ—A (z) « /ll l (^) 

.*'*(f,v,d,j,s,a,S£) oU-J^aJl 

I ^lj~Jl 6-Xf- 4-^ULl Jtaplji 

(An interval of band ^L-l JJi jljli* 4 j Ulj>- Jic iiLw# \ 

. (Buzz) V (Hiss) ^..-a limited noise) 

tj* — - ojiiJ j* jl*J oVUijl oli ojjL>«ll iS"j^5sJ ofj — Y 

. SJlill 

. o j-A J5vj ‘W^liLl cj\^Z jil ^ o^/bai^l of — T 

(3 4-* jjL>dl Oj£j of JLpI jili oO-A — i 

. <Jo/i Y1 * ^Lj 33jJ IS iSj£-\ 

((z) ^IjJlj (s) JL! a ; , o.Jl AjjiUl j^j) 0-pl^3 l*f 

l i—JLlalJ 

. vi->/iY'V * oip JjL-f ^ IbL Jj& of — 0 

di/i * ojjUJl! i5^J-1 J iJllJlj AJliJl JOjJ-l AAjI 0j£> jfj — 1 

. JlyJt Jp vli/i TV* • j 


4AjjO>0'yi 4jJJl L* jjb ajJ lL I 11 oJlA ^JS' 0) 

. Jlill lj> iiiL* J U L iyu ^Jl oUJj-a)I 

r\\ 



* ^*^3 £J£3 JLpl^d Lot 

. (Low intensity) iLIi «JLi li O^sdJl Oj£j jf _ V 

• & 7777 ^ £ri <jt> — A 

. ^LrfVl a>-j^ <J ofj — ^ 

:(A-l.r) JSLi J1 fejJLj 

IJLa (j <daiij jJjfj . ojjl>Cj Jail) (_j />j£iJl (_j _ \ 

4_jL^ iljLiLa ^jJaj t^/SY*^** ^JL JjUj JJal*Jj 

^>*Vl j^+iJ . i-_^Jl <j j^jVI ia>u J.laT. J.I 

. JJalJll 1 Jli 

d^jjJ 4jLd Lat c—^ j3 (ji la««Jl I I «-LA — T 

<Uxl «i&4 (^jJi (*lJU 4*jtiJ I — - ^JLj 

. 5Jli!l 'jA —- 

IxJjA) / ^ V * * ^3^) ^a IkLj ^I^mJI *Aj>Xx> _ Y* 

JjLC J®ii I.XAJ , ^j^L>7 -_li AjJl <la4j 

. (z) 1 1 a-Xj JiLJl (b) ^ 

jjSjL\ ^[J\ Jail lJUb Jby (z) ^IjJl j $A- iuJ.1 ^L-Vl i*J«j _ t 

, 4.^l^Jl 4j>L|~ j (V) 

# 

ijljj £yA jA £jt\ I JlAj . ^jaiil y£ <Watil Jj JLcJl SJLpU Ij*>-Ij 

J jJa ujftpL^O jf oJLplill . j^>“I ^*la4* ^a ^aill jjli jf ^*ASL!l 

^j^a — - i yA jJj iJllil ^jA —-- ^rwaJ £-$jll IJlA J 55^jiI 

JLpI^ 5 *i*J«^il «U p ^Jm3 ^4 LaL j jSi I o^LpLa) I I^S*t 4 *jLJI 

. (b) t .Tj.^H cjJL 

tf ? 

(An LpLw Ij5^ Ljl>wjV LAj_J|jb^j Sj/ill JLpI^aJI cJLU jJj 

.(Labs) ijJL>JVl UL^Jl jl Sji ^ iaJJl aL}I aS'jJU acoustic stimulus) 

i ♦ ♦ 



L(Labs) 4j JU-I ji 



!*W y*$ if^J 

i • > 










I fr l '.f P f\*r I 


LpIu^ (Labs) gLs»| -Ul^J 



? l+H- %nr (r n^KO ? 













. LpLm? o^Jl oNjUJkl ^ bop U^-Sb of { j^> 

^lii| aJjLsS- t ( 3 "^ bJb-P j-^Vl 03j 

t ^buN V iljliJkt oil I Jl^jC—J olj-s^b^J ct-L# (jj-^ail 

3 p a-bo l^>-bJb/ jlp!j 3 L.d.Jg oJlII olj-^f iljl^-j 

. { j0u>\+&>- {jA U> ^1 jil AaJJI olj-s^V J-Jb*^' I Jjb <CP la 

. ^liJ| l^L ^JCUfiy of ( j£$ jJl ^ <2 j^'j 

of y> ^L-f l.<. j P ( j-« ^Iaj I idjji? of 1 jSs of oij 

^Laila Jj <j~J t ^JaJLa jf i*J5 (J o^j>*j Oj^ (^f bJ^>wll ^Jj^aJl 

lOA <Jp <d>*-^4 oUj y+0 ^jA 4j j£-4 obalS* ^jA SjLp Cj^^1 $1blj . 3**^ 

« © 0 >*j-a Ojlp ff-f Jp’ |» $4* bf olJ-s^Vl ^ aI*-*!** 0 A>wJl oLi 

# # 

< 3 r*> . AjUU L^ce jjlaJl Oj^>j JiVl loi£ 0 _^& fl$3^ ^ 

JjJxJ Jptji of ULa iSjJj*^^ V 015 aJIs IjjS’i of 

oUJ ^1 y>- OJ i l JLi Jplji!) oJLaj . ii^lail oJlA ^Jp aJL>«_*JlI oLwJI 

.SOpIS cibll 

. 4JUp j&J oJUL*a J&]\ ojL* OjOpI JLa3 L* 

# 

0^3 t Olo-J yjp {jA N Jb ^i?lia lJUw» ^1 Ljf jSUi c)f ^*0L3 1*1* £*J 

J ijA (J-N^f 0j£~*> S^lll ^a £jlll lJUk ^Jp 

ipL^-Jl oLt^aJl 3 -^^oj ^a J^J ^4 oUia-p-'y U IjjjJ? l oL^Jj-na)I 
jjl^ AiS^La Jiai-j I JlA ^aj . Jl>-Ij j ^Jl oUJj^aJU 

ilU- JpI jiJl j^a iijll? jIScjIj (Syllable junction) ^tlill 

LglS' oU^Jl .-,T> ^ji] of ^r^f lO-* J^-f 0 ^l>- ^j-a 


l-U U/ Jij . JjUl J^ill Laj. ^JJI JUil J 11 ^^0; L* /Jb L (\) 

jjjalJ oUa5 jiyo 4 jV Jj iL^Lv^ ^b5l -XpIj^b jLclj N ^jj-l 

. -U-! jill ftJLj- (jlki o Jb-jj N 



4*,L*P iijiaJl dJLft (jf . o U 5Jl LpLa Oj&j ^klill V 

of IoIp <JjjJ jjJ jjl>wJl ajjjw? oLi <. ^tlill Jply 

yocJ opI ji j£s*j of oXS' LoJlp o^^****^ . oLISLil jlp1^3 

. oL^JL^JL! V Lg-lS* aJUJ^I J^JLl oL>wu£ L 4 


li| JSf ^^3 SJL>-jJl JiJ jjUoJl aJL^L® of 

0 f L>^J f ^ • ArffcJl^Cj I ^y>fcwJ | I3 tfi! ! ^*yP U 

jlpL-j ®jl>-jJI S^Lj of ^ aL>«-JJ oJL^jJI ^L^iSl! 

^ * 

^jp ^* A»pw J l I {mmA+m^Sj 03^j . AAj^IaJI 6k^> LpL^ 3 ^L %)| AP^*** ^|p I 

. A-JUp AAj Jb o U KlI AAj j\p of 


aLSJo® (J&Cj l^U ^pL*JI ^yLlaJl JJL>*lJl iijt laf 

L«3jL*j® ^Juc a aj ^ s & L ^-3 I JpI^ aJ 1 of ^ j + j 2>%* J . 00 ^*^ 

! L -fl *ll^ J <JU*>- 4 Ajjl^i ^\P Jplji ^£3 1OAj • y*pS I A * .>.J» JP 

^>- IjJjJOojf JpljJaJl oJlA 03L)j (Jj 0^1 Ajjli-I 

AiLjiaJl oJlA . A4 j jiaJl oJLp- 4«*..lailj ^aII \£y+~j> 

^JjJI O^J tb dl Aa j^Ll I JLPIjiJ t O-JJj3 La 1 3 ^ As^ 4 Op l^i! I aIaj JyftJj 

4 oJpli A * * % ^ JtSl LJ3 U 5 ^Jlj jjJIj aLL-JI iijiaJl jjUoJl 

. ©JLpIS ^jtj***^ ««la}l JJU3 A4 j jiaj j Jpl^3 JjJI V Oi^ <J* 

£ 

aJup jLS'f Oj^j of J^aImJLI li jJiLtf* aaj jJsJi Uf 

^Lo| aJjI>«1 oL OjAjIj llSvJj . Ip^Cj ^lad 1 of oVt Loplk^l j ( j—J j 
. ^i)l j-io-il J Ul ^jS aJUp A^J dilJ jf iijiaJt oi^ 


— B13, B16, C7, C8, C4, D4, F22, F23, H2, Hll, H9, H12, H41, II, L26, L20, L24, L19, 
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Word, Vol. 13, pp. 246-155. 

— HARRIS, Z.S. (1951), «Methods in Structural Linguistics», University of Chicago Press. 





-i-** <*aJla]I ^ iZj j*S*j ^jJ! yyJl |n4j 

a*^Jl*JI a£*LaJLa oJy ojJlaJI oJla ^Jjjr • tO^jJt Ioa o ly« « J 1 

.Uj^LpJ ji\ £yiJl il>y J>- 

4-^l*Jl yjliJlj oIjUUJ.1 y JlJbf aJU ^y JJL V U y*yi**f jt Jp jlfT JSj 

oLiljjJl ypaJ <j Ajyy a^Lw» Aylpl U yiV olj-Cjil JUpIj oljySUJi c/VL*»jj 

* " # 

0\y£* <ZJ OtJjil Um> IjJbNJl L-J y O^ILaII C~?j ^5j . A^j yflJ l AjyJUl 

ciy J5 <j £>-1^11 C^ijj . ftj-U*f (^JJ! y Ul jf AOOll *lj o j^j 
«\ i p-5j 0 yJi ofjb t5-^>yVl cjy I Jl*jj ^ j y I-A-j 

. IJ&aj «^» ^ij y f J£»l ^iy ei^1 ajL^ y- 

yjLiaillj o^^JLlj *(yL }Lta c^oJpf yoJl I Ji* Jp ^-\ jil y> jl*jj 

yyiJ' J o^jj ^Jl AjUaJI JjL-^JIj 

oUl/^l v .. ih> Jk 4 jLjj a> yi y»L^»Vl JiL£ l|5y>-! ^Jl oVlili oJLa of 

1^-LLajj oLjjjJl ySA-J (yj a j .^ at-^l l jy j}[j AaSH kI^aJj j-yil AjL^ 
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(muscle fiber) . 
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Filter. 
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Phoneme types. 

Phonetic . 

Phonetic impedance . 

Phonetrics . 

Phonoglocial. 

Photo-cell . 

Photographic cell. 

Photomultiplier . 

Photo transistor. 
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Spectrograms . 
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Tactile feedback . 
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Tense . 

T,H . 

Theorem. 
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Thyrohyoid . 

Tone . 

(glottal tone) . 

Tone wheel . 

Transduce . 
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(pressure transducer). 
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Turbulent. 
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rrv 

. ) 1 1 

Vocalis . 

iUV 

. <LJU-I 0 j^ai\ aLA-ll 

Vocalis muscle . 
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